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157) ABSTRACT

Novel carboximidamide derivatives represented by the
following formula (A) and acid adduct salts thereof are
disclosed:

CN (A)

/
N

|
B—C—N—R"
H

wherein all the substituents have the same meanings as
defined above.

N-cyano-pyridinecarboximidate compounds repre-
sented by the following formula (II) which are the inter-
mediates for preparing of N-cyano-N'-substituted-
pyridinecarboximidamide derivatives wherein the sub-

stituent B in the above described formula (A) i1s pyrnidine
1s also disclosed:

CN (1I)

wherein all the substitutents have the same meanings as
defined above.

The process for preparing the compounds, the pharma-
ceutical agents comprising the compound having vaso-
dilating effect, and the therapeutic method of dosing the
compound on patients for therapy are also disclosed.

12 Claims, 3 Drawing Sheets
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1
CARBOXIMIDAMIDE DERIVATIVES

TECHNICAL FIELD

The present invention relates to novel carboximida-
mide derivatives having vasodilating effect, more par-
ticularly N-cyano-N'-substituted pyridinecarboximida-
mide derivatives and N-cyano-N'-substituted carbox-
imidamide derivatives in which N'-position is substi-
tuted by an alkyl substituent, or acid adduct salts
thereof, intermediates for preparing them and a process
for preparing them.

The present invention also relates to potassium chan-

nel activating agents, hypotensors, therapeutic agents of |

ischemic heart disease, ameliorants of peripheral circu-
lation, ameliorants of cerebral circulation, therapeutic
agents of thrombosis and antasthmatics which contain
as an active ingredient the above-described N-cyano-
N'-substituted pyridinecarboximidamide derivative or
an acid adduct salt thereof, and hypotensors which
contain as an active ingredient the N-cyano-N'-sub-
stituted carboximidamide derivative wherein the N'-
position 1s substituted by an alkyl group or an acid ad-
duct salt thereof. The present invention further relates
to the therapeutic methods for patients who need the
treatments of potassium channel activation, the treat-
ments of hypertension, the treatment of 1schemic heart
disease, the treatment of peripheral circulatory failure,
the treatment of cerebral circulatory failure, the treat-
ment of thrombosis and the asthma using the aforemen-
tioned N-cyano-N'-substituted pyridinecarboximida-
mide derivative or an acid adduct salt thereof, or the
therapeutic method for patients who need hypotensive
treatment using the N-cyano-N’-substituted carbox-
imidamide derivative in which N'-position 1s substituted
by an alkyl group or an acid adduct salt thereof.

BACKGROUND ART

As the well-known compounds among the N-
cyanopyridinecarboximidamide compounds in relation
to the present invention, there are mentioned N-cyano-
3-pyridinecarboximidamide [see Journal of Medicinal
Chemistry 23, 690-692 (1980)], N-cyano-4-(2-ethyl-
pyridine)carboximidamide (see Leprosy Review, 23-30,
1983) and N-cyano-4-pyridinecarboximidamide (see
Bulietin des Societes Chimiques Belges, 78, 41-46,
1969). However, all of these compounds are the ones
- which have no substituent in N’'-position and are re-
ported only as the intermediates for producing of di-
uretics or as the agents for the treatment of Hansen’s
disease. There is no report of other utility. The synthe-

ses of carboximidamides have been investigated from

various aspects, and various synthetic methods mainly
of benzenecarboximidamide compounds or alkylcar-
boximidamides are investigated (see, for example, “The
Chemistry of amidines and imidates”, Edited by Saul
Patai, John Wiley and Sons, 1975). For example, in the
case of an N-cyano-N'-substituted benzenecarboximida-
mide, a synthetic method which comprises converting
cyanobenzene imnto an alkyl benzeneimidate, further
reacting cyanamide (NH>CN) with the alkyl ben-
zeneimidate 1in pH 6.5-7.0 to form an alkyl N-cyano-
benzeneimidate and reacting an amine compound 25
with the aforementioned imidate has been proposed (see
Synthesis, 263, 1971; Synthesis, 673-675, 1978; Journal
of Organic Chemistry, 44, 1562-1563 (1979); Synthesis,
123-124, 1980; Synthesis, 402404, 1983).
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However, according to the conventional synthetic
methods, particularly the synthesis within the above-
described pH range, analkyl N-cyanopyndinecarbox-
imidate 1s not produced, and thus an N-cyano-N'-sub-
stituted pyridinecarboximidamide compound could not
be produced.

On the other hand, as regards antihypertensive
agents, a variety of pharmaceutical agents have been
proposed, but, so far as the present inventor knows,
none of these agents have satisfactory effects on the
pathologies and patients of all kinds of hypertensions
such as essential hypertension, secondary hypertension
or the like. Also as regards the treatment of angina
pectoris, calcium antagonists or -blockers and the like
have hitherto been used, but the attack of angina pecto-
ris is not completely suppressed by the use of these
agents. There are reported no therapeutics having satis-
factory cardioprotective effect after the reperfusion of
coronary vessel when the pathology develops into myo-
cardial infarction. New types of cardiovascular thera-
peutics with consideration for these points are continu-
ously desired.

For instance, as a cardiovascular therapeutic based
on a new function mechanism, a compound having a
potassium channel activating effect has recently been
proposed.

The potassium channel activating effect is an effect
that potassium channel on cell membrane 1s opened and
the permeability of potassium is enhanced so that hyper-
polarization is caused and the contraction of smooth
muscle or myocardium 1s suppressed. As compounds
having potassium channel activating effect, there are
known, for example, nicorandil, pinacidil and
chromakalim (see Trends in Pharmacological Sciences,
8, 283, 1987). These exhibit vasodilating effect, antihy-
pertensive effect, coronary blood flow increasing effect,
cerebral vasodilative effect and bronchodilatative effect
in animal experiments [see European Journal of Phar-
macology, 152, 331 (1988); The Journal of Pharmacol-
ogy and Experimental Therapeutics, 232, 369 (1985);
Journal of Cardiovascular Pharmacology, 8, 798 (1986);
Japan Heart Journal, 20, 881 (1979); European Journal
of Pharmacology, 99, 219 (1984); British Journal of
Pharmacology, 95, 763 (1988)]. Furthermore, these
agents clinically exhibit utilities as an antihypertensive
drug {see Clinical Physiology, 1, 375 (1981); Journal of
Hypertension, 4, S166 (1986)] or as an antianginal drug
[see RINSHO YAKURI, 13, 311 (1982)].

As the well-known carboximidamide compounds
except the N-cyano-pyridinecarboximidamide com-
pounds relating to the present invention, there are men-
tioned N-cyano-5-nitro-2-furamidine (Japanese Patent
Publication No. 20453/68 and British Patent No.
1133950); N-cyano-2-thiophenecarboximidamide and
N-cyano-3-thiophenecarboximidamide [Journal of Me-
dicinal Chemistry, 23, 690-692 (1980)]; and N-(N-
cyanoimidoyl)-sulfoximides [Chemisch Berichte, 121,
383-386 (1988)]. However, these compounds have been
reported only as the intermediates in the production of
anti-bactenal agents or diuretics and the intermediates
in the production of thiatriazines, respectively, without
descriptions of the vasodilating effect and hypotensive
effect. Also, no carboximidamide compounds relating
to the present invention which have an alkyl substituent
in N'-position have hitherto been reported.
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3
SUMMARY OF THE INVENTION

Summary

The present invention has been done for the purpose s
of providing a new compound having vasodilating ef-
fect. The present inventor has discovered that N-cyano-
N’'-substituted pyridinecarboximidamide derivatives
and N-cyano-N'-substituted carboximidamide deriva-
tives in which the N'-position is substituted with an
alkyl substituent have the aforementioned effect and
find out from these novel carboximidamide derivatives
the ones which are effective as a potassium channel
activating agent, a hypotensor, a therapeutic for the 15
treatment of ischemic heart disease, a therapeutic for
the treatment of peripheral circulatory failure, an ameli-
orants of cerebral circulation, a therapeutic for the
treatment of thrombosis and an antasthmatic. The pres-

10

- .. . . 20
ent invention has been accomplished on the basis of
these discoveries.

In other words, the carboximidamide derivatives
according to the present invention are represented by
the following formula (A): 23

CN (A)
// :
i
B=—C—N—R"™ 30
H
wherein when B i1s
35
ﬂ
M ¥
X N
40
wherein X represents a hydrogen atom or a chlorine
atom, R’''represents —R lor
45
CH=-—R’,
)
g
wherein R! represents an alkyl group, 50
(R%) S
- ;

H3CO N OCH;

or an alkyl group having a nitroxyl group, wherein R4
represents an alkyl group or an alkoxyl group and b
denotes an integer of 0 or 1, and R? represents one or 60
more members selected from the group consisting of an
alkyl group, an aryl group, a nitroxyl group, an arylalk-
oxyl group, a hydroxyl group and a hydrogen atom and

a denotes an integer of 1-3, provided that when a s an 65
integer of 2 or more, two or more R2”s may be the same

or different members in the aforementioned group, and

R3 represents

(R), S

—S or || ” ,

wherein R represents one or more members selected
from the group consisting of an alkyl group, an alkoxyl
group, an arylalkoxyl group, a nitro group, an amino
group, an alkylamino group, an arylalkylamino group,
an alkylthio group, a perfluoroalkyl group or a halogen
atom, and c denotes an integer of 0-5, provided that
when c denotes an integer of 2 or more, two Or more
R>’s may be the same or different members in the afore-
mentioned group; and

SO

or HiC—S8—, R’ represents

NC

/\/O o N ONO».

The present invention also relates to acid adduct salts
thereof.

The compound according to the present invention
includes the compound which has pyridine as the sub-
stituent B in the formula (A) and the compound having
no pyridine.

The compound having pyridine as the substituent B is
the pyridinecarboximidamide derivative represented by
the following formula (I):

CN ()

wherein
X represents a hydrogen atom or a chlorine atom; R

represents —R! or
CH——R’,
'
a

wherein R} represents an alky! group,
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(RYYy S

=,
H3CO N

OCH;

or an alkyl group having a nitroxyl group, wherein R4
represents an alkyl group or an alkoxy group and b
denotes an integer of 0-1, R? represents one or more
members selected from the group consisting of an alkyl
group, an aryl group, a nitroxyl group, an arylalkoxy!
group, a hydroxyl group and a hydrogen atom, and a
denotes an integer of 1-3, provided that when a is an
integer of 2 or more, two or more R?’s may be the same

or different members in the aforementioned group, R3
represents

(Rﬁ)c S

, =S or h || ,

wherein R> represents one or more members selected
from the group consisting of an alkyl group, an alkoxyl
group, an arylalkoxyl group, a nitro group, an amino
group, an alkylamino group, an arylalkylamino group,
an alkylthio group, a perfluoroalkyl group or a halogen
atom, ¢ denotes an integer of 0-35, provided that when c
denotes an integer of 2or more, two or more R>’s may
be the same or different members in the aforementioned
group; or an acid adduct salt thereof.

The compound according to the present invention
which has no pyrnidine as the substituent B 1s the carbox-
imidamide derivative represented by the following for-

mula (I'):

CN

/
N
I

(I')

X'=C=—N—R" wherein X" represents

YT
wAwAN]

or

H;C=—8=--, and R" represents
NC

Oor /\/ONOZ

The present invention also relates to the intermediate
obtamed 1n the course of the production of the com-
pound represented by the formula (I). The N-
cyanopyuridinecarboximidate compound which is the
intermediate obtained in the course of the production of
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6

the compound of the present invention is represented by
the following formula (II):

CN

/
N

I
B—C—N—R""
H

(A)

wherein X represents a hydrogen atom or a chlorine
atom, and R’ represents an alkyl group.

Furthermore, the present invention relates to the
process for producing the compound represented by the
formula (1).

That is to say, the process for producing the pynidine-
carboximidamide derivative represented by the formula
(I) set forth above is characterized in that a cyanopyri-
dine compound represented by the following formula
(ITI) is reacted with an alcohol and sodium hydride or a
sodium alkoxide to form a compound represented by
the following formula (IV), which is reacted with cyan-
amide in a buffer solution having a pH in the range of
5.0-6.0 to form an N-cyanopyridinecarboximidate com-
pound represented by the above-described formula (II),

which 1s further reacted with an amine compound rep-
resented by the formula NH;—R, wherein R has the

same meaning as defined above:

(111)

(IV}

wherein X represents a hydrogen atom or a chlorine
atom, and R’ represents an alkyl group.

The present invention also relates to the use of the
carboximidamide derivatives represented by the above-
described formula (A). In other words, the present in-
vention relates to potassium channel activating agents,
hypotensor, therapeutic agents of ischemic heat disease,
therapeutic agents of peripheral circulatory failure,
ameliorants of cerebral circulation, therapeutic agents
of thrombosis and antasthmatics which contain the
pyridinecarboximidamide derivative represented by the
formula (I) or an acid adduct salt thereof as an effective
ingredient, and hypotensors which contain as an active
ingredient, and hypotensors which contain as an active
ingredient the N-cyano-N'-substituted carboximida-
mide derivative wherein the N'-position is substituted
by an alkyl group of an acid adduct salt thereof, and
relates to the therapeutic methods for patients who need
the treatments of potassium channel activation, the
treatment of hypertension, the treatment of ischemic
heart disease, the treatment of peripheral circulatory
failure, the treatment of cerebral circulatory failure, the
treatment of thrombosis and the asthma using the afore-
mentioned N-cyano-N'-substituted pyridinecarbox-
imidamide derivative or an acid adduct salt thereof, and
the therapeutic method for patients who need hypoten-
sive treatment using the N-cyano-N'-substituted carbox-
imidamide derivative in which N'-position is substituted
by an alkyl group or an acid adduct salts thereof.
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Effect of the Invention

The carboximidamide derivatives according to the

present invention have vasodilating effect and hypoten-

stve effect, and the carboximidamide derivatives having
a pyridine substituent have further potassium channel

activating effect.
- The carboximidamide derivatives according to the
present invention have vasodilative effect and hypoten-

sive effect, and the pyridinecarboximidamide deriva-
tives have further potassium channel activating effect as
described above. They also have coronary vasodilative
effect, cardioprotective effect, peripheral blood vessel
resistance decreasing effect, cerebral vasodilative ef-
fect, platelet aggregation inhibiting effect and bron-
chodilatative effect.

It should be extraordinary that the carboximidamide
derivative according to the present invention has vari-
ous physiological effects set forth above.

DETAILED DESCRIPTION OF THE
INVENTION

The carboximidamide derivatives according to the
present invention are represented by the formula (A) set
forth above and include the N-cyano-N'-substituted
pyridinecarboximidamide derivatives having pyridine
as the substituent B and the N-cyano-N'-substituted
carboximidamide derivatives having no pyrndine,
wherein respective substituents have the same meanings
as defined above.

[IIN-cyano-N'-substituted-pyridinecarboximidamide
derivatives

The pyridinecarboximidamide derivative according
to the present invention is the N-cyano-N'-substituted-
pyridinecarboximidamide derivative represented by the
formula (I) set forth above (wherein respective substitu-
ents have the same meanings as defined above).

In the formula (I), the alkyl group of R! has prefera-
bly 1-10 carbon atoms, particularly 53-8 carbon atoms.
It may be the alkyl group in a straight chain or a
branched chain, preferably in a branched chain. The
alkyl group having a nitroxyl group of R!is preferably
the one having 1-5 carbon atoms, particularly 1-3 car-
bon atoms. In this case, one or more, preferably one or
two, nitroxyl groups may be contained. The nitroxyl
group may be bonded to either one of primary, second-
ary or tertiary carbon atoms, and particularly the ni-
troxyl group is desirably bonded to a primary carbon
atom.

The alkyl group of RZ has preferably 1-5 carbon
atoms, particularly 1-3 carbon atoms. The aryl group is
preferably a tolyl group, a xylyl group or a phenyl
group, more preferably a phenyl group. The arylalk-
oxyl group 1s preferably a phenethyloxy group, a 3-
phenylpropyloxy group or a benzyloxy group, more
preferably a benzyloxy group.

When two or more R?’s are simultaneously con-
tained, these plural R%’s may be the same or different
members in the aforementioned group consisting of the
groups and the atom set forth above. When R4 is an
alkyl group or an alkoxyl group, the alkyl or alkoxyl
group preferably contains 1-5 carbon atoms, particu-
larly 1-3 carbon atoms. R3 represents one or more mem-
bers selected from the aforementioned group as defined
above. When two or more R%’s are simultaneously con-
tained, the R>’s may be the same or different members in
the group. When R is an alkyl group or an alkoxyl
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group, the alkyl or alkoxyl group preferably contains
1-5 carbon atoms, particularly 1-3 carbon atoms. When
R5 is an arylalkoxyl group, the arylalkoxy! group 1s
preferably a phenethyloxy group, a 3-phenylpropyloxy
group or a benzyloxy group, particularly a benzyloxy
group. The alkylamino group preferably contains 1-5
carbon atoms, preferably 1-3 carbon atoms. The ary-
lalkylamino group is preferably a phenethylamino
group, a 3-phenylpropylamino group or a benzylamino
group, more preferably a benzylamino group. When R
is an alkylthio group or a perfluoroalkyl group, each of
these groups preferably contains 1-5 carbon atoms,
particularly 1-3 carbon atoms.

The halogen atom may be any of halogen atoms, and
it is preferably fluorine, chlorine or bromine.

The aforementioned N-cyano-N'-substituted
pyridinecarboximidamide derivative according to the
present invention has a basic nitrogen atom and thus
forms an acid adduct salt. Acids with which an acid
adduct salt is formed include, for example, inorganic
acids such as hydrochloric acid, sulfuric acid, nitric
acid, phosphoric acid or the like; or organic acids such
as acetic acid, propionic acid, maleic acid, oleic acid,
palmitic acid, citric acid, succinic acid, tartaric acid,
fumaric acid, glutamic acid, pantothenic acid, laurylsul-
fonic acid or the like. It is needless to say that when an
acid adduct salt is used as a medicine, the acid must be
the one which 1s pharmaceutically acceptable.

As the representative examples of the N-cyano-N'-
substituted-pyridinecarboximidamide derivative ac-
cording to the present invention represented by the
formula (I), there are mentioned the following com-

pound [compound Nos. (1)-(53)]:

Compound No. Name of Compound
(1)

@)
3)

(4)
(5)

(6)
(7)
(8)
(9)
(10)

N-cyano-N'-(2-nitroxyethyl)-2-
pyndinecarboximidamide
N-cyano-N'-(2,2-dimethylpropyl)-2-
nyridinecarboximidamide
N-cyano-N'-(1,2,2-trimethylipropyl)-2-
pyridinecarboximidamide
N-cyano-N'-phenyl-2-pyridinecarboximidamide
N-cvano-N'-(4-methoxyphenyl)-2-
pyridinecarboximidamide
N-cyano-N'-(4-methylbenzyl)-2-
pyridinecarboximidamide
N-cyano-N'-(4-chlorobenzyl)-2-
pyridinecarboximidamide
N-cyano-N'-[4-(trifluoromethyl)benzyl}-2-
pyridinecarboximidamide
N-cyano-N'-[2-(4methylphenyl)ethyl]-2-
pyridinecarboximidamide
N-cyano-N'-[2-(4-chlorophenyl)ethyi]-2-
pyridinecarboximidamide
N-cyano-N'-(2-hydroxy-i-methyl-2-
phenylethyl)-2-pyridinecarboximidamide
N-cyano-N'-(2-thienylmethyl)-2- |
pyridinecarboximidamide
N-cyano-N'-(2-nitroxyethyl)-3-
pyridinecarboximidamide
N-cyano-N'-(3-nitroxypropyl)-3-
pyridinecarboximidamide
N-cyano-N'-(3,3-dimethylbutyl)-3-
pyridinecarboximidamide
N-cyano-N'-(4-methyiphenyl)-3-
pyridinecarboximidamide
N-cyano-N'-benzyl-3-pyridinecarboximidamide
N-cyano-N'-(4-methylbenzyl)-3-
pyridinecarboximidamide
N-cyano-N'-(4-methoxybenzyl)-3-
pyridinecarboximdamide
N-cyano-N'-(4-dimethylaminobenzyl)-3-
pyridinecarboximidamide
N-cyano-N'-[4-(trifluoromethyl)benzyl]-3-

(11)
(12)
(13)
(14)
(15)
(16)

(17)
(18}

(19)
(20)

(21)



Compound No.

(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32}
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41}
(42)

(43)
(44)

(45)
(40)
(47)
(48)
(49)
(50)
(b
(52)

(33)

9

-continued
Name of Compound

pyridinecarboximidamide
N-cyano-N'-(4-chlorobenzyl)-3-
pynidinecarboximmidamide
N-cyano-N'-(4-nitrobenzyl)-3-
pyridinecarboximidamide
N-cyano-N'-(3,4-dichlorbenzyl)-3-
pyridinecarboximidamide
N-cyano-N'-{3,5-bis(trifluoromethyl)benzyl}-
3-pyridinecarboximidamide
N-cyano-N'-(3-benzyloxybenzyl)-3-
pyndinecarboximidamide
N-cyano-N'-(2-phenylethyl)-3-
pynidinecarboximidamide
N-cyano-N'-[2-(2-methoxyphenyl)ethyl]- 3-
pyridinecarboximidamide
N-cyano-N'-[2-(2-chlorophenyl)ethyl]-3-
pyridinecarboximidamide
N-cyano-N'-[2-(4-chlorophenyl}ethyl]-3-
pynidinecarboximidamide
N-cyano-N'-[2-(4-benzylaminophenyl)ethyl]-3-
pyridinecarboximidamide
N-cyano-N'-[2-(4-nitrophenyl)-2-
nitroxyethyl]-3-pyridinecarboximidamide
N-cyano-N'-(3-phenylpropyl)-3-
pyridinecarboximidamide
N-cyano-N'-diphenylmethyl-3-
pyndinecarboximidamide
N-cyano-N'-(1,2-diphenylethyl)-3-
pyndinecarboximidamide
N-cyano-N'-(2,2-diphenylethyl)-3-
pyridinecarboximidamide
N-cyano-N'-(3,3-diphenylpropyi)-3-
pyrnidinecarboximidamide
N-cyano-N'-(2-benzyloxy-2-phenylethyl}-3-
pyridinecarboximidamide
N-cyano-N'-[2-(3,4-dibenzyloxyphenyl)ethyl]-
3-pyndinecarboximidamide
N-cyano-N'-3-(2,6-dimethoxypyrnidine)-3-
pyndinecarboximidamide
N-cyano-N'-(2-nitroxyethyl)-4-
pyridinecarboximidamide
N-cyano-N'-(3-nitroxypropyl)-4-
pyridinecarboximidamide

N-cyano-N'-phenyl-4-pyrnidinecarboximidamide

N-cyano-N'-(3,4-dichlorobenzyl)-4-
pyrnidinecarboximidamide
N-cyano-N'-(4-methylthiobenzyl)-4-
pyridinecarboximidamide
N-cyano-N'-(3-benzyloxybenzyl}-4-
pyridinecarboximidamide
N-cyano-N'-{2-(4-chlorophenyl)ethyl]-4-
pyridinecarboximidamide
N-cyano-N'-[2-(2-methoxyphenyl)ethyl]}-4-
pyridinecarboximidamide
N-cyano-N'-(2-phenylthioethyl)-4-
pyridinecarboximidamide
N-cyano-N'-[2-(4-nitrophenyl)-2-
nitroxyethyl]4-pyridinecarboximidamide
N-cyano-N'-f I-methyl-2-(4-nitrophenyl)-2-
nitroxyethyl]-4-pyridinecarboximidamide
N-cyano-N'-(2-nitroxyethyl)-3-(6-
chloropyndine)carboximidamide
N-cyano-N'-(2-phenylethyl)-3-(6-
chloropyndine)carboximidamide

The substituents R of these compounds have
following structures:

Compound
No.
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Compound
No. —R
(1)
N ONO:
(2) CHj
/\I/CHS.
CH;
(3) CH;3; CH;
/l\l/cHJ
CH;3
(4) :
(3) _ /O/OCH;
(6)
fxfﬁmal::::::thcﬁa
(7
: Cl
(8)
/\O\CF3
(9) /\/O/ .
: /\/O, Cl
(11)
w
OH
(12) o~ S
CN
/
nOR
/
= N
H



Compound
No.

(13)

(14)

(13)

(16)

(17)

(18}

(19)

(20)

(21)

(22)

(23)

(24)

(25}

11

-continued

—R

f’fh“mffﬁxONOz

CH;3

i

CH3
CH,;

O
>

CH;

OCHj;

\\
)

/
O
-
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o

Q

0
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Compound
No. - R
(26)
: O

) /\/O
(28)

/

.

OCH3
) /\/Q
Cl

(30) /\/O/ Cl
(31)

H

/\/O/ |
) /YO :
ONO»

(34) !
(33)

=

™
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Compound Compound
No. —R " | No. -=R
36 |
(36) ‘ 5 (45)
SCH;
‘ 10 (46)
O
; |
(37) 15 /\O/ |
(47) C]
| (48)
(38)
' 23
OCH;
O = (49) S
30
AN
(39)
O (50) NO,
O
ONO;
40 (51) NO>
(4’0) / 0CH3 CH3
|
SR
' OCHj; - CN
/
"R
/
= N
50 ‘ 1
Ci S N
(52)
(41) 55 AN
ONQO3
N 5
(42)
/\/\ ONO;
(43) — —
[II] N-cyano-pyridinecarboximidate compounds
The N-cyano-pyridinecarboximidate compound is
the alkyl N-cyano-pyridinecarboximidate compound
represented by the formula (II) set forth above, and it is
(44) cl ¢5 an intermediate for producing the compound of the

Cl

present invention represented by the formula (I) or an
acid adduct salt thereof (wherein the meanings of re-
spective substituents are defined above).
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In the aforementioned formula (II), the alkyl group of
R’ has preferably 1-8 carbon atoms, more preferably
1-5 carbon atoms, which may be the chain or cycle in
form, particularly an isopropyl group.

As the representative examples of the alkyl N-
cyanopyridinecarboximidate compounds of the present
invention represented by the formula (II), there are

mentioned the following compounds [compound Nos.

(54)-(58)}:

Compound No. Name of Compound
(54) Methyl N-cyano-2-pyridinecarboximidate
(55) Isopropyl N-cyano-2-pyridinecarboximidate
(56) Isopropyl N-cyano-3-pyridinecarboximidate
(57) Isopropyl N-cyano-4-pyridinecarboximidate
(58) Isopropyl N-cyano-3-(6-chloropyridine}-

carboximidate

These compounds have the following structures:

Compound No. Structural Formula
(54)
(55) CN
/
N
| CH3
= | 0—<
CH;3
SR
(56) CN
/
N
| CH3
= O—<
| CH:
.~
N
(57)
(58) CN
/
N
| CH3
= 0-—<
| CH3
e,
Cl N

[III] Process for producing N-cyano-N’-substituted
pyridinecarboximidamide derivatives

(1) Summary

The = N-cyano-N'-substituted-pyridinecarboximida-
mide derivative according to the present invention can
be produced by any methods suitable for the purpose,
for example by the following two production methods.
These production methods are illustrated by the reac-
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tion scheme (i) and the reaction scheme (1), respec-
tively.

That is to say, there are mentioned a method for
producing the object compound, N-cyano-N'-substitut-
ed-pyridinecarboximidamide derivative represented by
the formula (I), as is illustrated in the reaction scheme
(1), by leading the cyanopyridine compound repre-
sented by the formula (III) to the N-cyano-pyridinecar-
boximidate compound represented by the formula (II),
which is further reacted with any of various amine
compounds (method i), and a method for producing the
object compound, as is illustrated in the reaction
scheme (i1), by converting the amide compound repre-
sented by the formula (V) which is prepared by a well-
known method to the thioamide compound represented
By the formula (VI), which is reacted with cyanamide
(NH;CN) in the presence of phosphorus oxychloride
and a tertiary amine (method ii).

However, a compound containing a nitroxyl group in
R cannot be produced by the method (i1).

These methods (i) and (ii) are described in detail be-
low.

Reaction scheme (1):

(I1I)

\LN&H in R'OH or NaOR' in R'OH

NH
= I
C—(O—R'
.

(IV)

(I1)

(I)

Wherein R, R’ and X have the same meanings as defined
above. |



Reaction scheme (11):

(V)

\LPZSS or Lawesson’s reagent

(VI)
S
C=—=N—R
~ | H
N | .

phosphorus oxychloride,
tertiary amine, NH>CN

X

CN
/

N
7 !
C==N=-—-R
. H
N

Wherein R and X have the same meanings as defined
above.

(1)

X

(2) Method (i)

‘The method (1) 1s, as described above, a method for
producing the object compound according to the reac-
tion scheme (1).

(a) Compound (III)—-Compound (IV)

The cyanopyridine compound represented by the
formula (III) is reacted with sodium hydride or R'ONa
corresponding to R'OH used, i.e. sodium alkoxide, in
R'OH, 1.e. an alcohol to form an imidate compound
represented by the formula (IV). The amount of sodium
hydride or R'ONa used in the reaction 1s a catalytic
amount, and the reaction is generally carried out by
using sodium hydride or R'ONa preferably in an
amount of 0.01-0.5 mole, more preferably 0.02-0.2 mole
in proportion to 1 mole of the cyanopyridine.

Alcohols (R'OH) which can be used in the reaction
include chain and cyclic alcohols such as methanol,
ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
t-butanol, cyclopentanol, cyclohexanol, n-octanol and
the like.

The alcohol can be used also as a reaction solvent and
can be used as only a reagent in the presence of other
solvents. When the alcohol i1s used as a reaction solvent,
it is generally used in an amount of 10-50 moles 1n pro-
portion to 1 mole of the cyanopyridine. When the alco-
hol is used in the presence of other solvents, it 1s prefera-
bly used in an amount of 1-5 moles in proportion to 1
mole of the cyanopyridine. The solvents which can be
used in the reaction desirably include aprotic solvents
such as hexane, benzene, toluene, diethyl ether, petro-
leum ether, tetrahydrofuran, N,N-dimethylformamide
and the like. The reaction temperature is preferably in
the range of 0°-50° C., particularly around room tem-
perature.

Under the aforementioned reaction conditions, the
reaction can be completed in 3-24 hours.
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The resulting imidate compound represented by the
formula (IV) can immediately be used in the next reac-
tion without purification by isolation.

(b) Compound (IV)—Compound (1I)

The imidate compound represented by the formula
(IV) is reacted with cyanamide (NH>CN) in a buffer
solution, preferably in a phosphate buffer solution to be
converted into the N-cyano-pyridinecarboximidate
compound represented by the formula (1I).

The amount of the cyanamide is preferably at least 1
mole or more, particularly 2-3 moles in proportion to 1
mole of the imidate compound represented by the for-
mula (IV). The reaction is conducted in a bufier solu-
tion, preferably in a phosphate buffer solution, and the
pH is preferably in the range of 5.0-6.0, more preferably
in the range of 5.2-5.6. The concentration of the buffer
solution is preferably in the range of 0.5-4 M. When a
phosphate buffer solution i1s used, each of the compo-
nents of the buffer solution, Na,HPO4 and NaH;PO4, 1s
preferably used in an amount of at least 1 mole or more
to 1 mole of the imidate compound represented by the
formula (IV) in order to maintain sufficient bufferizing
ability. The reaction temperature is preferably in the
range of 0°-50° C., particularly around room tempera-
ture. |

Under such reaction conditions as above, the imidate
compound represented by the formula (IV) is generally
converted 1nto the N-cyano-pyridinecarboximidate
compound represented by the formula (II) in 2-12
hours.

As the method for purification by isolation of the
N-cyano-pyridinecarboximidate compound represented
by the formula (II) thus obtained, there can be used
purification methods which are well known in the art of
organic synthetic chemistry such as a crystallization
method, a distillation method, a column chromatogra-
phy method with a carrier of silica gel and the like. (¢)
Compound (11)}»Compound (1) |

The  N-cyano-N’-substituted-pyridinecarboximida-
mide compound represented by the formula (I) can be
produced by reacting the N-cyano-pyridinecarboximi-
date compound represented by the formula (II) with
any of various amine compounds.

The amine compound 1s preferably used in an amount
of at least 1 mole or more, more preferably in the range
of 1-2 moles to 1 mole of the N-cyanopyridinecarbox-

imidate compound represented by the formula (IT). The
reaction 1s usually conducted in a solvent. As the sol-

vents which can be used in the reaction, there can be
mentioned, for example, methanol, ethanol, dichloro-
methane, chloroform, carbon tetrachloride, dioxane,
tetrahydrofuran, water and the like, particularly metha-
nol. The reaction temperature is in the range from 0° C.
to the boiling point of the solvent, preferably around
room temperature.

Under such reaction conditions as above, the reaction
can be completed 1n 5 minutes-24 hours.

‘The methods for purification by isolation of the com-
pound represented by the formula (I) from the reaction
mixture obtained in the aforementioned reaction are the
same as those set forth in the stage of the purification by
isolation of the N-cyano-pyridinecarboximidate com-
pound represented by the formula (II).

The compound of the present invention represented
by the formula (I) can be converted into an acid adduct
salt thereof according to a method which is well-known
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per se. The acids which can be converted into acid
adduct salts are the same as defined above.

- (3) Method (1)
(a) Compound (V)—Compound (VI)

The amide compound represented by the formula (V)
which i1s prepared by a well-known method 1s con-
verted into the thioamide compound represented by the
formula (VI) with a well-known thiocarbonylation rea-
gent such as P»>Ss or a Lawesson’s reagent in a well-

known method [see Tetrahedron, 35, 2433 (1979)].

(b) Compound (VI)—Compound (I)

The thioamide compound represented by the formula
(VI) can be reacted with cyanamide (NH>CN) 1in the
presence of phosphorus oxychloride and a tertiary
amine to prepare the N-cyano-N'-substituted-
pyridinecarboximidamide compound represented by
the formula (I). In the reaction, cyanamide (NH;CN)
can be used in an amount of at least 1 mole or more,
preferably 3 moles or more, more preferably in the
range of 5-15 moles in proportion to 1 mole of the
thioamide compound represented by the formula (VI).

While the reaction is, as described above, conducted
in the presence of phosphorus oxychloride, the reaction
can be performed in the same manner not only with
phosphorus oxychloride but also with phosphorus pen-
toxide, phosphorus pentachloride, thionyl chloride,
sulfuryl chloride or the like. Such an reagent i1s desir-
ably used in an amount of at least 1 mole or more, pref-
erably in the range of 1-2 moles in proportion to 1 mole
of the thioamide compound represented by the formula
(VI). The reaction is also conducted in the coexistence
of a tertiary amine. As the tertiary amine, triethylamine,
diisopropylethylamine or the like is suitable. The ter-
tiary amine is preferably used in an

amount of 1-2 moles to 1 mole of the thioamide com-
pound represented by the formula (VI).

The reaction is usually carried out in a solvent, and
the solvents which can be used include acetonitrile,
benzene, hexane, toluene, dichloromethane, chloro-
form, carbon tetrachloride, dioxane, tetrahydrofuran,
N,N-dimethylformamide and the like, and acetonitrile 1s
particularly preferred.
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The reaction temperature is preferably in the range 45

from room temperature to the boiling temperature of
the solvent used, particularly in the range of 80°-110° C.

Under such reaction conditions, the reaction can be
completed 1n 6-24 hours.

The method of purifying the N-cyano-N'-substituted
pyridinecarboximidamide compound as the object com-
pound from the reaction mixture thus obtained and the
method of forming an acid adduct salt are the same as
those set forth in the description of the method (1).

[IV] -Use of the Compound {Pyridinecarboximidamide
Derivative Represented by the Formula (I)]

(1) Potasstium Channel Activating Agent

The compound of the present invention represented
by the formula (I) has, as shown in the result of Referen-
tial Example 1)-2 below, potassium channel activating
effect and thus is useful as a potassium channel activat-
g agent.

(2) Hypotensor

The compound of the present invention exhibited, as
shown in the results of Referential Examples 1)-3 and
1)-4, strong hypotensive effect in either of the intrave-
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nous or oral administration of the compound 1n sponta-
neous hypertensive rats. Moreover, the compound de-

creased in the blood pressure even at a low dose to a
dog, as shown in Referential Example 1)-5. Thus, the
compound of the present invention is useful as a hypo-
tensor. |

(3) Therapeutic agent for the treatment of ischemic
heart disease

The compound of the present invention significantly
increased coronary blood flow in a heart isolated from
a rat as compared with nicorandil as shown in Referen-
tial Example 1)-6. The compound of the present inven-
tion exhibited hypotensive effect and continuous coro-
nary blood flow increasing effect by far stronger than
nicorandil as shown in Referential Example 1)-7. More-
over, these effects were continuously observed on in-
traduodenally administering the compound in Referen-
tial Example 1)-8.

The compound represented by the formula (I) exhib-
ited strong inhibitory effect on a rhythmic contraction
induced by 3,4-DAP as a model of pseudoangina pecto-
ris in Referential Example 1)-9, and 1t was also more
effective than nicorandil in an angina pectoris model of
rat, as shown in Referential Example 1)-10. Moreover,
it was recognized from the result of Referential Exam-
ple 1)-11 that the compound represented by the formula
(I) also exhibited the cardioprotective effect after is-
chemia-reperfusion.

As apparent from the above-described results, the
compound of the present invention represented by the
formula (I) is useful as a therapeutic agent for the treat-
ment of ischemic heart diseases such as angina pectoris,
myocardiac infarction or the like.

(4) Therapeutic Agent for Ameliorant of Peripheral
Circulation -

The compound represented by the formula (I) de-
creased the total peripheral resistance by intraduodenal
administration, as shown in Referential Example 1)-8.
As apparent from the result, the compound of the pres-
ent invention represented by the formula (I) is useful as
an ameliorant of peripheral circulation.

(5) Therapeutic Agent for Ameliorant of Cerebral
Circulation

The compound represented by the formula (I) was
found to exhibit cerebral vasodilatative effect from the
result of Referential Example 1)-12 and the effect of
prolonging the survival time in hypoxia from the result
of Referential Example 1)-13. As apparent from these
results, the compound of the present invention repre-
sented by the formula (I) is useful as an ameliorant of
cerebral circulation.

(6) Therapeutic Agent of Thrombosis

The compound represented by the formula (I) inhib-
ited the aggregation of platelets and promoted the disso-
ciation thereof as shown in Referential Example 1)-14.
As apparent from the result, the compound of the pres-
ent invention represented by the formula (I) 1s useful as
a therapeutic agent for the treatment of thrombosis.

(7) Antasthmatic

The compound represented by the formula (I) dilated
not only the smooth muscle of blood vessel but also the
smooth muscle of trachea as shown in Referential Ex-
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ample 1)-15. As apparent from the result, the compound
of the present invention represented by the formula (I)
1s useful as an antasthmatic.

When the compound represented by the formula (I) is
administered as a hypotensor, a therapeutic agent for
the treatment of 1schemic heart diseases, an ameliorant
of peripheral circulation, an ameliorant of cerebral cir-
culation, a therapeutic agent for the treatment of throm-
bosis or an antasthmatic, it can be administered orally,
parenterally (intramuscularly, intravenously, subcuta-
neously or percutaneously), or in the form of a sublin-
gual tablet or a suppository. |

It 1s needless to say that the dose and the dosing way
of the compound represented by the formula (I) vary
depending on the states of a patient such as body
weight, sex, sensitivity, dosage time, drugs to be used in
combination, patients or the seriousness of the patients.
The suitable dose and dosage times under a certain
condition must be determined on the basis of the above-
described principles by the suitable dose determining
test by medical specialists. The dose 1s generally in the
range of about 0.1-200 mg, preferably 0.1-100 mg, par-
ticularly 0.5-30 mg per day for an adult patient.

When the compound represented by the formula (I) 1s
administered orally as a drug, it 1s administered in the
form of tablets, granules, powder or capsules. When it is
administered parenterally, it 1s administered in the form
of injections or suspensions. In order to produce these
pharmaceutical preparations, excipients, binding agents,
disintegrating agents, lubricants, stabilizers and the hke
can be added. If necessary, other drugs can be mixed.

The excipients include, for example, lactose, starch,
crystalline cellulose, mannitol, maltose, calcium hydro-
gen phosphate, light anhydrous silicic acid, calcium
carbonate and the like; binding agents include, for ex-
ample, starch, polyvinylpyrrolidone, hdroxypropylcel-
lulose, ethylcellulose, carboxymethylceliulose, gum
arabic and the like; disintegrating agents include, for
example, starch, calcium carboxymethylcellulose and
the like; lubricants include, for example, magnesium
stearate, talc, hardened oils and the like; and stabilizing
agents include, for example, lactose, mannitol, maltose,
Polysorbates, Macrogols, polyoxyethylene hardened
castor oil or the like.

The pharmaceutical preparations can be produced in

the dosage forms of tablets, granules, capsules, injec-
tions or the like with these ingredients.

[IV] N-Cyano-N'-Substituted-Carboximidamide
Dernvatives

‘The carboximidamide dernivative of the present inven-
tion which having no pyridine as the substituent B in the
formula (A) set forth above is, as described above, the
N-cyano-N'-substituted-carboximidamide  derivative
represented by the following formula (I') as described
above:

CN

/
N
I

(I')

X'==C=N—R" wherein X" represents
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-continued

wiwie]

or H3;C—S—, and R" represents

NC

N
\ -
When X" 1s or | ,
- -~y
N N

the compound represented by the formula (I') can form
its acid adduct salts. The acids with which acid adduct
salts are formed 1nclude the same acids as in the case of
the N-cyano-N’-substituted-pyridinecarboximidamide
derivatives. In this connection, it 1s needless to say that
when the acid adduct salt 1s used as a drug, the acid
must be the one which 1s pharmaceutically acceptable.
Representative examples of the N-cyano-N'-substitut-
ed-carboximidamide derivative of the present invention
represented by the formula (I') include the following
representative compounds [compound Nos. (59)-(70)]:

Compound No. Name of Compound

(59) N-cyano-N'-(2-nitroxyethyl)-3-quinoline-
carboximidamide

(60) N-cyano-N'-(2-phenylethyl}-3-quinoline-
carboximidamide

(61) N-cyano-N'-(2-nitroxyethyl)pyrazine-
carboximidamide

(62) N-cyano-N'-(2-nitroxyethyl)-2-furfan-
carboximidamide

(63) N-cyano-N'-(2-phenylethyl)-2-furan-
carboximidamide

(64) N-cyano-N'-(2-nitroxyethyl)-3-furan-
carboximidamide

(65) N-cyano-N’-(2-phenylethyl)-3-furan-
carboximidamide

(66) N-cyano-N'-(2-nitroxyethyl)-2-thiophene-
carboximidamide

(67) N-cyano-N'-(2-phenylethyl)-2-thiophene-
carboximidamide

(68) N-cyano-N’-(2-phenylethyi)-3-thiophene-
carboximidamide

(69) N-cyano-N'-(2-phenylethyl)-4-cyanobenzene-
carboximidamide

(70) 3-Cyano-2-methyl-1-(2-nitroxyethyl)-

isothiourea

These compounds have the following structures,
respectively.



Compound
No.

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)
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[V] Process for Producing
N-cyano-N'-Substituted-Carboximidamide Derivatives

The N-cyano-N'-substituted-carboximidamide deriv-
atives according to the present invention represented by
the formula (I') can be prepared by any methods suit-
able for the purpose such as the methods (i) and (it')
described below.

(1) Method (i)

The carboximidamide derivatives of the present in-
vention represented by the formula (I') except those in
which X" 1s H3C—S— such as 3-cyano-2-methyl-1-(2-
nitroxyethylisothiourea can be obtained, as illustrated
by the reaction scheme (1'), by converting the nitrile
represented by the formula (II') into the cyanoimidate
compound represented by the formula (IV'), which is
then reacted with an amine compound. Thus, the N-
cyano-N'-substituted-carboximidamide derivative rep-
resented by the formula (I') as the object compound can
be obtained.

Reaction scheme (i'): |
X" ==CN (r’)

NaH in R""OH or
NaOR"" in R""OH

Il‘iIH
xn__c__o__Ruu |
J/NH;CN

CN (IV’)

/
N

|
X!F_C_O_Riflr

J/NH:-"R”

(111°)
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~continued
Reaction scheme (i'):
CN (1)
/
N
|
X”“C“N_R'l

H

wherein R"" represents an alkyl group, and X" and R”
have the same meanings as defined above.

The production method 1s further described in detail
below referring to the reaction scheme (i').

(2) Compound (1I'}>Compound (1II')

The nitrile compound represented by the formula
(I1) 1s reacted with sodium hydride or R"""ONa corre-
sponding to R""OH used, i.e. sodium alkoxide, in
R""OH, 1.e. an alcohol to form the imidate compound
represented by the formula (II1"). The amount of so-
dium hydride or R”“ONa used 1n the reaction is a cata-
lytic amount, and the reaction 1s generally carried out
by using sodium hydnide or R"“ONa preferably in an
amount of 0.01-0.5 mole, more preferably 0.02-0.2 mole
in proportion to 1 mole of the nitrile.

Alcohols (R"””"OH) which can be used in the reaction
include etther chain or cyclic alcohols such as metha-
nol, ethanol, n-propanol, isopropanol, n-butanol, 1sobu-
tanol, t-butanol, cyclopentanol, cyclohexanol, n-octanol
and the like. The alcohol can be used also as a reaction
solvent and can be used as only a reagent in the coexis-
tence of other solvents. When the alcohol is used as a
reaction solvent, i1t is generally used in an amount of
10-50 moles in proportion to 1 mole of the nitrile. When
the alcohol is used in the presence of other solvents, it is
preferably used in an amount of 1-5 moles in proportion
to 1 mole of the nitrile. The solvents which can be used
desirably include aprotic solvents such as hexane, ben-
zene, toluene, diethyl ether, petroleum ether, tetrahy-
drofuran and the like. The reaction temperature is pref-
erably in the range of 0°-50° C., particularly around
- room temperature.

Under the aforementioned reaction conditions, the
reaction can be completed usually 1n 0.5-28 hours.

The resulting imidate compound represented by the
formula (III') can be immediately used in the next reac-
tion without purification by isolation.

(b) Compound (III'}->Compound (IV')

The imidate compound represented by the formula
(III') 1s reacted with cyanamide (NH,CN) in a buffer
solution, preferably in a phosphate buffer solution to be
converted into the cyanoimidate compound represented
by the formula (IV’).

‘The amount of the cyanamide is preferably at least 1
mole or more, particularly 2-3 moles in proportion to 1
mole of the imidate compound. The reaction i1s con-
ducted in a buffer solution, preferably in a phosphate
buffer solution, and the pH is preferably in the range of
5.0-6.5, more preferably in the range of 5.2-6.2. The
concentration of the bufter solution 1s preferably in the
range of 0.5-4 M, particularly 1-3 M. When a phos-
phate buffer solution 1s used, each of the components of
the buffer solution, for example, Na;HPQO4 and NaH..
POyg, 1s preferably used in an amount of at least 1 mole
or more to 1 mole of the imidate compound in order to
maintain sufficient bufferizing ability. The reaction tem-
perature is preferably in the range of 0°-50° C., particu-
larly around room temperature.
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Under such reaction conditions as above, the imidate
compound represented by the formula (II1°) is generally
converted into the cyanoimidate compound represented
by the formula (IV') in 2-75 hours.

As the method for purification by isolation of the
cyanoimidate compound represented by the formula
(IV') thus obtained, there can be used purification meth-
ods which are well-known in the art of organic syn-
thetic chemistry such as a crystallization method, a
distillation method, a column chromatography method
with a carrier of silica gel and the like.

(¢) Compound (IV')}—Compound (I')

The N-cyano-N'-substituted-carboximidamide dertv-
ative represented by the formula (I') can be produced
by reacting the cyanoimidate compound represented by
the formula (IV') with one of various amine com-
pounds.

The amine compound is preferably used in an amount
of at least 1 mole or more, more preferably in the range
of 1-2 moles to 1 mole of the cyanoimidate compound
represented by the formula (IV’). The reaction is usu-
ally conducted 1n a solvent. As the solvents which can
be used i1n the reaction, there can be mentioned, for
example, methanol, ethanol, dichloromethane, chloro-
form, carbon tetrachloride, dioxane, tetrahydrofuran
and the like, particularly methanol. The reaction tem-.
perature 1s in the range from 0° to the boiling point of
the solvent, preferably around room temperature.

Under such reaction conditions as above, the reaction
generally can be completed 1in 5 minutes-50 hours.

The methods for purification by isolation of the ¢
compound represented by the formula (I') from the
reaction mixture obtained in the aforementioned reac-
tion are the same as those set forth in the stage of the
purification by isolation of the cyanoimidate compound
represented by the formula (I1V').

(2) Method (ii")

Among the compound of the present invention, 3-
cyano-2-methyl-1-(2-nitroxyethylhisothiourea can be

prepared by reacting the dimethyl N-cyanodithioimino-

carbonate represented by the formula (V') with 2-
nitroxyethylamine, as shown in the following reaction
scheme (11').

V')

The amount of 2-nitroxyethylamine which is used in
the reaction is preferably at least 1 mole or more, partic-
ularly 1-2 moles per mole of dimethyl N-cyanodithi-
oiminocarbonate represented by the formula (V’). The
reaction is usually conducted in a solvent, and the sol-
vents which can be used in the reaction preferably in-
clude alcohols such as methanol, ethanol, isopropanol
and the like, and aprotic solvents such as chloroform,



5,166,347

27

dichloromethane, tetrahydrofuran, benzene, toluene
and the like. The reaction temperature 1s preferably in
the range from the solidifying point of the solvent to 50°
C., preferably around room temperature. Under such
reaction conditions set forth above, the reaction can be
completed in 1-30 hours.

The methods for purification by isolation of 3-cyano-
2-methyl-1-(2-nitroxyethyl)isothiourea from the reac-
tion mixture obtained in the aforementioned reaction
are the same as those set forth in the stage of the purifi-
cation by isolation of the cyanoimidate compound rep-
resented by the formula (IV'), and purification methods
well-known in the art of organic synthetic chemistry
such as a crystallization method, a distiliation method, a
chromatographical method with a carrier of silica gel
can be used. |

Among the compounds of the present invention rep-
resented by the formula (I'), the compound which has
basic nitrogen atom can be converted into its acid ad-
duct salt by a method which is well-known per se. The
acids with which the acid adduct salts can be formed
are the same as described above. |

[VI] Use of the Compounds [Carboximidamide
Derivatives Represented by the Formula (I')]

The compound of the present invention represented
by the formula (I') has, as shown in the results of Refer-
ential Examples 2)-1 and 2)-2 below, vasodilative effect
and hypotensive effect and thus 1s useful as a vasodila-
tive agent and a hypotensor.

When the compound represented by the formula (I')
is administered as a vasodilator or a hypotensor, it can
be administered orally, parenterally (intramuscularly,
intravenously, subcutaneously or percutaneously), or 1n
the form of a sublingual tablet or a suppository.

It 1s needless to say that the dose and the dosing route
of the compound represented by the formula (I') vary
depending on the states of a patient such as body
weight, sex, sensitivity, dosage time, drugs to be used in
combination, patients or the seriousness of the patients.
The suitable dose and dosage times under a certain
condition must be determined on the basis of the above-
described principles by the suitable dose determining
test by medical specialists. The dose 1s generally 1n the
range of about 0.1-200 mg, preferably 0.5-100 mg per
day for an adult patient.

When the compound represented by the formula (1)
is administered orally as a drug, it 1s administered in the
form of tablets, granules, powder or capsules. When it 1s
administered parenterally, it is administered in the form
of injections or suspensions. In order to produce these
pharmaceutical preparations, excipients, binding agents,
disintegrating agents, lubricants, stabilizers and the like
which are described in the explanation of the compound
represented by the formula (I) can be added. If neces-
sary, other drugs can be mixed.

[VII] Experimental Examples

The present invention is further described in detail
with reference to the following Referential Examples

and Examples, which are given for the purpose of
merely illustrating the invention without limiting 1t.
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1) Compounds Represented by the Formula (I)
Referential Example 1)-1
Vasorelaxing Effect on the Isolated Rat Aortae
(1) Method

The compounds of the present invention were tested
for their physiological activities by measuring the ten-
sion of i1solated rat aortae isometrically.

Thoracic aortae obtained from male Wistar rats
(weighing 250-350 g) were cut into ring segments about
3 mm long. The ring preparation was placed in an organ
bath filled with 10 ml of Krebs-Ringer solution that was
maintained at 37° C. and gassed with 95% 0,-5% COx.

The preparation in the organ bath was aliowed to

equilibrate under resting tension of 1 g. After equilibra-
tion period, the solution in the organ bath was replaced
with an isotonic solution containing 40 mM KCI to
contract the preparation.
. After the contraction induced by KCl had reached
plateau, the concentration-response relationship for the
test compound was determined by means of cumulative
addition.

The relaxation response of the test compounds was
expressed as the percent inhibition of the contraction
induced by KCl, and the 1Csg value, which is a concen-
tration required for inhibiting the contraction induced
by KCIl to an extent of 50%, was calculated by the
Probit method from the concentration-response curve.

(2) Results

The ICsq values of the test compounds and the con-
trol compounds are shown in the following table.

Test Compound No. ICsg Value (M)

(1) 4.6 X 10—¢
(2) 6.0 X 10—
(3) 4.9 x 10—
(4) 3.1 X 10~3
(5) 6.5 X 107
(6) 5.1 % 10-3
(N 2.3 X 1077
(8) 5.7 %X 10—
(9) 7.2 X 10—3
(10) 4.0 X 10~
(11) 1.2 X 1077
(12) 2.4 X 107
(13) 5.1 x 10—°
(14) 2.0 X 10—
(15) 9.5 X 107
(16) 1.7 X 10—3
(17) 6.6 X 10—
(18) 2.2 X 105
(19) 3.7 X 10—73
(20) 7.8 X 103
21) 7.0 x 10—3
(22) 2.2 X 10—3
(23) 9.8 X 10—
(24) 2.1 X 10—
(25) 2.4 X 103
(26) 2.3 X 102
27 4.0 X 107
(28) 7.0 X 10—3
(29) 3.8 X 10—3
(30) 4.3 X 10—
(31) 1.6 X 10—3
(32) 7.8 X 103
(33) 9.5 X 103
(34) 3.8 X 10—°
(35) 1.8 X 10—3
(36) 1.6 X 10—3
(37) 2.8 X 10—
(38) 6.8 X 10—°
(39) 4.8 x 10-3
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-continued
(40) 4.0 X 10=?
(41) 1.2 X 1072
(42) 2.0 x 10—7
(43) 52 X 10~
(44) 1.9 X 10—
(45) 49 X 10—72
(46) 3.0 X 10—°
47) 4.0 x 10—
(48) 7.3 X 10>
(49) 6.2 X 10—
(50) 1.4 X 10—°
(51) 1.3 X 1079
(52) 1.1 X 10—
(53) 7.7 X 1077
Control Compounds ICsg Value (M)
1. N-cyano-3-pyridine- 4.0 x 10—
carboxyimidamide
2. N-cyano-4-pyridine- 1.8 x 10—4

carboxyimidamide

Referential Example 1)-2
Potassium Channel Activating Effect
(1) Method

The compounds of the present invention (N-cyano-
N’-(2-nitroxyethyl)-3-pyridinecarboximidamide (com-
pound (13)), N-cyano-N'-benzyl-3-pyrndinecarbox-
imidamide (compound (17)), N-cyano-N'-(2-phenyle-
thyl)-3-pynidinecarboximidamide (compound (27)) and
N-cyano-N'-(2-nitroxyethyl)-4-pyridinecarboximida-
mide (compound (41)) were tested for the potassium
channel activating effect by using the #6rubidium (re-
ferred to hereinafter as 8Rb) which is a radioisotope as
a marker of potassium {See Journal of Physiology, 316,
33 (1981)].

Male Wistar rats (weighing 250-350 g) were dehema-
tized to death, and thoracic aortae were rapidly 1so-
lated. The aorta was opened along the longitudinal axis
to prepare a flat sheet. The preparation was loaded with
86Rb in the Krebs-Ringer solution which contained
86Rb in the concentration of 10 uCi/ml and was gassed
with 95% O3-5% CO; at 37° C. for 2 hours. The prepa-
ration was then transferred to a Krebs-Ringer solution
not containing 86Rb, and washed to remove excess radi-
oactivity for 18 minutes by refreshing the solution every
2 minutes. Finally the preparation was placed into a
Krebs-Ringer solution containing each compound
(10—4 M) for 8 minutes.

The amount of 86Rb efflux from the preparation in
each period was determined with a y-counter.

The increment in efflux rate during the application of
the compound was expressed as percent of the efflux
before the application of the compound.

(2) Results

The increment in 86Rb efflux ratio (%) during the
application of the test compounds are shown in the
following table.

Compound No. Increment of Efflux ()
(13) 213.53
(17) 135.41
(27) 206.61
(41) 126.88
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Referential Example 1)-3

Hypotensive effect on spontaneous hypertensive rats
(intravenously)

(1) Method

The hypotensive effects of the compounds of the
present invention [test compounds: N-cyano-N'-(2-
nitroxyethyl)-2-pyridinecarboximidamide (compound
(1)), N-cyano-N'-(2-nitroxyethyl)-3-pyndinecarbox-
imidamide (compound (13)), N-cyano-N'-benzyl-3
-pyridinecarboximidamide (compound (17)), N-cyano-
N'-(2-phenylethyl)-3-pyridinecarboximidamide (com-
pound (27)), pyridinecarboximidamide (compound (29))
and N-cyano-N'-(2-nitroxyethyl)-4-pyridinecarbox-
imidamide (compound (41))] were observed in male
spontaneous hypertensive rats (SHR).

Rats were anesthetized with urethane-a-chloralose (1
g/kg-25 mg/kg; intraperitoneally). Mean blood pres-
sure was measured by a pressure transducer through a
cannula inserted into the carotid artery. The compound
was cumulatively administered every 30 minutes
through the cannula inserted into the jagular veimn. The
change in blood pressure was expressed as percent of
the blood pressure before the administration of the com-
pound. And the EDjg value, which was the dose re-
quired for descending blood pressure to an extent of
20%, was calculated from the dose-response curve.

(2) Results

The ED»g values of the test compounds are shown 1in
the following table.

Compound No.

(1)
(13)
(17)
(27)
(29)
(41)

EDjp (mg/kg, i.v.)

0.037
0.010
0.250
0.074
0.013
0.130

Referential Example 1)-4

Hypotensive Effect on Spontaneous Hypertensive Rats
(Orally)

(1) Method

The hypotensive effect by oral administration of the
compound of the present invention {test compound:
N-cyano-N'-(2-nitroxyethyl)-3-pyridinecarboximida-
mide (compound (13))] was observed in male spontane-
ous hypertensive rats (SHR).

Systolic pressure of the rats fasted for 24 hour was

measured by using the tail cuff method before and 2
hours after administration of the compound. The com-

pound was dissolved in a mixed solvent of polyethylene
glycol 200:physiological saline=1:1. The control group
was administered the solvent alone. The change in
blood pressure was expressed as percent of the blood
pressure before the administration of the compound in
respective groups.

(2) Results

The decreasing rates (%) of the blood pressure by the
test compound are shown in the following table.
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Decreasing Rate of Blood

Dose (mg/kg, p.o.) Pressure (%)

Compound (13) 0.3 6.76 & 1.53
0.5 9.12 + 2.41
1.0 27.31 X 2.32
3.0 49.9% + 2.48
Control Group ~-2.11 &= 3.21

(mean = S.EM))

Referential Example 1)-5
Hypotensive Effect on Beagles (Intravenously)

(1) Method

The hypotensive effect of the compound of the pres-
ent invention [test compound: N-cyano-N’-(2-nitroxye-
thyl)-3-pyridinecarboximidamide (compound (13))] was
observed in beagles of either sex anesthetized with in-
travenous injection of sodium pentobarbital (35 mg/kg).

Mean blood pressure was measured by means of a
pressure transducer through a cannula inserted into the
femoral artery. The compound was administered into
the femoral vein through the cannula. The change in
blood pressure was expressed as percent changes from
the pretreatment values. |

(2) Results

The decreasing rates (%) of blood pressure by the test
compound are illustrated in FIG. 1.

Referential Example 1)-6
Effect on Isolated Rat Heart
(1) Method

The effect of the compound of the present invention
on heart of rats was examined by using the Langen-
dorff’s method [test compound: N-cyano-N'-(2-nitrox-
yethyl)-3-pyridinecarboximidamide (compound (13))].
Hearts were excised from male rats (weighing 250-350
g) and perfused at 80 cmH>O in a Langendorff fashion.
Krebs-Hensaleit bicarbonate solution (pH 7.4, 37° C.)
containing an 11 mM glucose which was oxygenated
with 95% 0,-5% CO; gas mixture was used as a perfu-
sate. The left ventricular pressure was recorded by
inserting a latex baloon into the left ventricle, and heart
rate was determined from the pulse of it. Coronary
perfusate flow was also measured with an electromag-
netic flowmeter. The experiments were carried out by
perfusing a perfusate containing the compound (13) for
10 minutes after an initial equilibration period for 30
minutes. As the control compound, nicorandil which
has an effect opening potassium channel and is similar to
the test compound in structure was used. The changes
in the coronary perfusate flow and the cardiac function
(heart rate x left ventricular pressure) caused by these
compounds were expressed as percent changes from the
preperfusion values of the compound (13) or nicorandil.

(2) Results

The effects of these compounds on coronary perfu-
sate flow and cardiac function are shown in the follow-
ing table.

Concentra- The Number Coronary
tion of Perfusate Flow Cardiac
(mol/min) Experiments (% change) Function
Nicor- 1 X 108 3 3.3 £ 5.6 3.7 =+ 6.7
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~continued
Concentra- The Number Coronary
tion of Perfusate Flow Cardiac
(mol/min) Experiments (% change) Function
andil
Com- 1 X 10~8 3 51.3 == 3.2** 133 % 6.5
pound

(mean = S.D.)
**n « 0.0] as compared with nicorandil (Student’s t-test)

Referential Example 1)-7

Hemodynamic Profile of the Cbmpound of the Present
Invention in Beagles (Intravenously)

(1) Method

Hemodynamic profile of the compound of the pres-
ent invention-was investigated in beagles anesthetized
with pentobarbital (30 mg/kg, intravenously) [test com-
pound: N-cyano-N'-(2-nitroxyethyl)-3-pyridinecarbox-
imidamide (compound (13))]. The thorax was opened
under artificial respiration. After administering heparin
in an amount of 500 units/kg, a Moravitz’s cannula was
introduced into the coronary sinus via the right atrium.
The coronary sinus outflow was returned to the right
external jagular vein. The coronary sinus outflow was
measured by an electromagnetic flowmeter (MFU-
2100, manufactured by Nihon Kohden) connected to
the Moravitz’s cannula. A cannula was inserted into the
aortic arch through the subclavian artery to measure
aortic blood pressure. The aortic blood pressure was
measured with a pressure transducer (Nihon Kohden,
TP-200T). Heart rate was monitored with a heart rate
counter with R waves of electrocardiogram. All param-
eters were recorded on a thermosensitive recorder
(WT-685G, manufactured by Nihon Kohden).

The compound was administered through the can-
nula inserted into the right femoral vein. Nicorandil was
used as a control. As for respective measurement items,
peak changes were expressed as percent change from
the pretreatment values of the compound (13) or nico-
randil.

(2) Results

The results obtained by the compound (13) and nico-
randil are shown in the following table.

Dose Mean Aortic Coronary
(ng/ Blood Heart Blood
kg) Pressure Rate Flow
Compound 30 =153 %25 134+ 14 164 £ 1.8
(13) 10.0 —38.5 = 3.1 —59 28 960 % 17.6
300 —=507=+21 =162+ 33 1341 %92
Nicorandil 1000 =213 = 1.9 0.2 + 2.1 20.3 = 5.1
3000 —43.1 %54 -207219 849 % 10.8

mean = SEM. (N = %)

Reference Example 1)-8

Hemodynamic Profile of the Compound of the Present
Invention in Beagles (Intraduodenally)

(1) Method

The aortic blood pressure, the heart rate and the
coronary blood flow of the beagles anesthetized with
pentobarbital were determined in the same manner as in
the aforementioned Example 1)-7, and the aortic blood
flow was measured with an electromagnetic flowmeter
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(MFV-3100, manufactured by Nihon Kohden) by at-
taching a probe at the origin of the aorta [test com-
pound: N-cyano-N'-(2-nitroxyethyl)-3-pyridinecarbox-
imidamide (compound (13))]. A nelaton’s tube was in-
serted 1nto the duodenum via a small abdominal incision
for administration of the compound (13) (100 ug/kg).
Time course changes in respective measurement items
were expressed as percent changes from the pretreat-
ment values. Total peripheral resistance was calculated
by dividing the mean aortic blood pressure with the sum
of the coronary blood flow and the aortic blood flow.

(2) Results

Time course of the changes after intraduodenal ad-
ministration of the compound (13) (100 pg/kg) are
shown in the following table.

d

10

15

34

(2) Resuits

Inhibitory effect of the compound (13) on the rhyth-
mic contraction induced by 3,4-DAP in the coronary
arteries of beagles is illustrated in FIG. 2.

Referential Example 1)-10

Effect of the Compound of the Present Invention on the
Experimental Model of Angina Pectoris Induced by
Vasopressin 1n Rats

(1) Method

It is known that when vasopressin is administered
intravenously to a rat, myocardial ischemia accompa-
nied with the depression of ST segment in the electro-
cardiogram can be induced. This phenomenon 1s very

Time after dosage (min)

1 2 3 5 7.5 10 20 30 60
Mean Aortic Blood —98%£ —-143+ 212 -350+%£ -370x —420% 494+ 490+ 365 =+
Pressure (3) 1.0 1.3 1.2 2.0 2.9 2.9 3.1 3.7 7.3
Heart Rate (3) 0 1.6 = 0 —121 x 175+ -21.1 % =261+ -—-265=+ —100=%
1.6 3.1 4.1 4.4 3.5 4.6 1.4
Coronary Blood Flow 1.8 £+ 14.4 + 384 &£ 1215 X 1423 & 1128 % 64.2 + 60.1 =+ 28.0 =
(3) 1.8 2.1 9.1 22.0 6:5 10,6 154 15.1 11.6
Aortic Blood Flow 10.0 12.2 13.1 27.0 23.5 15.0 10.7 8.3 0.5
(2)
Total Peripheral —17.8 —24.1 —33.7 —49.5 —50.3 —51.1 —35.3 —~33.8 ~44 3

Resistance (2)

mean = SEM; Numbers in parentheses denote sample numbers.

Referential Example 1)-9

Efiect on 3,4-Diamin0pyridine-1nduced Rhythmic
Contractions in Dog Coronary Artery

(1) Method

It 1s known that the attack of pseudoangina pectoris
often appears and the spasms of the coronary artery
occurs during the attack. It 1s considered that when
3,4-diaminopyridine (referred to hereinafter as 3,4-
DAP) 1s administered to act on coronary artery in vitro,
rhythmic contraction occurs, and this period of the
contraction well accords with that of the attack of pseu-
doangina pectoris [see MYAKKAN-GAKU (Angiol-
ogy), 24, 133 (1984)]. The effect of the compound of the
present invention on the rhythmic contraction caused
by 3,4-DAP was tested In coronary arteries isolated
from beagles [test compound: N-cyano-N'-(2-nitroxye-
thyl)-3-pynidinecarboximidamide (compound (13))].

Beagles were anesthetized with pentobarbital and the
heart was excised. The coronary arteries were dissected
from the myocardium and cut into 3 mm long rings in
the oxygenated Krebs-Ringer solution. The ring was
suspended into an organ bath filled with the Krebs-
Ringer solution that was maintained at 37° C. and
gassed with 95% 02-5% CO;. Isometric contraction
was recorded on a pen-writing recorder (FBR-252A,
manufactured by TOA Denpa) through a FD pick-up
(TB-611T, manufactured by Nihon Kohden) and a car-
rier ampiifier (AP-621G, manufactured:- by Nihon
Kohden). After equilibration period under 1 g resting
tension, 3,4-DAP (10—2 M) was added to the organ
bath. When the frequency and the amplitude of the
oscillation became constant, the compound was added
cumulatively to the bath.
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similar to the attack of pseudoangina pectoris which is
observed clinically [see Japanese Journal of Pharmacol-
ogy, 20, 313 (1970); OYO-YAKURI (Applied Pharma-
cology), 19, 311 (1980)]. The effect of the compound of
the present imnvention on this model on the pseudoangina
pectoris was examined [Test Compound: N-cyano-N'-
(2-nitroxyethyl)-3-pyridinecarboximidamide (com-
pound (13))].

Male Donryu rats, weighing 200-500 g, were anes-
thetized with urethane-a-chloralose (1g/kg-25 mg/kg;
intraperitoneally). Vasopressin at the dose of 1.0 IU/kg
was administered 2 minutes after the administration of
the test compound (100 pg/kg). Vasopressin and test
compound were intravenously administered into the
femoral vein. The changes in the ST segment in Lead II
electrocardiogram were observed after the administra-
tion of vasopressin. Nicorandil was used as a control.

(2) Results

‘The effect of the compound of the present invention

on a vasopressin-induced angina pectoris model is
shown in FIG. 3.

Referential Example 1)-11

Effect of the Compound of the present invention on the
myocardiac injury inducted by re-perfusion after
ischemia

(1) Method

The cardiac muscle protecting effect of the com-
pound of the present invention was tested by using the
isolated heat of rats [test compound: N-cyano-N'-(2-
nitroxyethyl)- 3-pyridinecarboximidamide (compound
(13))]. The Langendorff’s method was used in the same
manner as in the aforementioned Referential Example
1)-6. The 1solated heart was perfused with a perfusate
for 30 minutes and then with a perfusate containing the
test compound for 10 minutes, and perfusion was
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stopped so that the heart was in the so-called *“‘ischemic
state”. Pacing was performed during the ischemia.
After 25 minutes, perfusion was stated again with the
original perfusate which did not contain the test com-

pound. Parameters of cardiac function after the onset of ?

re-perfusion was monitored for 30 minutes, and the
heart was quickly freezed. The amount of ATP in the
heart muscle was extracted with perchloric acid and
determined by HPLC. Nicorandil was used as a control.

- The recovery rate of the cardiac function (heart rate-
% left ventricular pressure) after onset of reperfusion
was calculated based on the cardiac function prior to
the perfusion of the compound (13) and nicorandil as
100%. The amount of ATP in the heart muscle was also
determined. '

(2) Results

Recovery rates of the cardiac function and amounts
of ATP in the heart muscle are shown in the following
table.

Amount of ATP in

Concentra- Recovery rate the heart muscle
tion of cardiac (umole/g of dry
(mole/min) function (%) welght)
Physiological 0.5 = 0.5(11) 5.76 = 0.83 (35)
saline |
Nicorandil ] X 1076 12.7 = 8.2 (4) 5.93 =+ 0.49 (4)
Compound 1 x 10~7 67.5 = 6.0 (3)**  11.12 =+ 1.12 (6)
(13)
(mean = SD):

Numbers within parentheses denote specimen numbers.
**n < 0.0] {(comparison with the physiological saline group) (Student’s t-test)

Referential Example 1)-12

Effect of the Compound of the Present Invention on the
Isolated Beagle Basilar Artery

(1) Method

A beagle was anesthetized with pentobarbital and
dehematized from common carotid artery to death. The
basilar artery was i1solated rapidly. The artery was re-
moved fat and connective tissue carefully and was cut
into ring segments about 3.5 mm long in the Krebs-
Ringer solution under oxygen. The ring preparation
was suspended into an organ bath filled with the Krebs-
Ringer solution which was maintained at 37° C. and
gassed with 95% 03-5% CO»;. The preparation in the
organ bath was allowed to equilibrate under resting
tension of 0.5 g. After equilibration period, U-46619
(thromboxane Aj derivative, 10—~7 M) was added to the
organ bath in order to contract the preparation. After
the contraction induced by U-46619 had reached pla-
teau, the compound of the present invention was cumu-
latively added to the organ bath to relax the preparation
[test compound: N-cyano-N'-(2-nitroxyethyl)-3-
pyridinecarboximidamide (compound (13))].

The relaxation response was expressed as the percent
inhibition of the contraction induced by U-46619.

(2) Results

The concentration-response curve for the relaxing
action of the compound (13) is illustrated in FIG. 4.
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Referential Example 1)-13

Effect of the Compound of the Present Invention on
Hypoxia

(1) Method

The effect of the compound of the present invention
{test compound: N-cyano-N'-(2-nitroxyethyl)-3-
pyridinecarboximidamide (compound (13))] on hypoxia
was examined in male ddY mice (4 week old). Mice
were exposed to a gas mixture of 96% N2-4% Oz that
was streamed in a flow rate of 5 1/min.

The time from the onset of the gas stream till the stop
of respiration {survival time (sec)] was measured.

The test compound was orally administered in the
dosage form of a 2% suspension in gum arabic 30 min-
utes before the onset of the gas streaming. The control
group was administered a gum arabic suspension only.

(2) Results

Survival times of the control and the compound ad-
ministered groups are shown in the following table.

Survival Time

Dose Number (sec)
(mg/kg) of Mice mean + S.EM.
Control group 15 129.47 = 8.51
Compound (13) 0.3 15 130.27 &£ 9.32
1.0 14 201.00 == 13.40%**
3.0 13 523.15 &+ 48.57*%**

lllp < 0,001 (Student’s t-test)

Referential Example 1)-14

Inhibitory Effect of the Compound of the Present
Invention on the Platelet Aggregation

(1) Method

Using platelets of a beagle, the inhibitory effect of the
compound of the present invention on the platelet ag-
gregation was examined [test compound: N-cyano-N'-
(2-nitroxyethyl)-3-pyridinecarboximidamide (com-
pound (13))]. Blood was collected from the cephalic
vein of a beagle (blood: 3.8% citric acid =9:1) and
centrifuged at 1050 rpm for 10 minutes. The supernatant
was collected as platelet-rich plasma (PRP). Platelet
poor plasma (PPP) was obtained by further centrifuga-
tion of the residue at 3000 rpm for 15 minutes. Platelets
were adjusted to 3108 platelets/ml by diluting PRP
with PPP.

Adenosin diphosphate (ADP) was used as an aggre-
gating agent. After preincubation stirred with or with-
out the compound (13) for 2 minutes at 37° C, PRP was
mixed with ADP. Platelet aggregation was measured
photometrically in volume of 750 ul of PRP by means
of an aggregometer (CAF-100, manufactured by Japan
Spectroscopic).

(2) Results

The inhibiting effect of the compound (13) on platelet
aggregation was illustrated in FIG. §. Vertical vibration
state in this figure are diagrammatically illustrated.



5,166,347

37

Referential Example 1)-15

Relaxing Effect of the Compound of the Present
Invention on the Isolated Guinea Pig Trachea

(1) Method

The relaxing effect of the compound of the present
invention on the smooth muscle of trachea obtained
from quinea pig was examined [test compound: N-
cyano-N'-(2-nitroxyethyl)-3-pyridinecarboximidamide
(compound (13))]. A male Hartley guinea pig (weighing
250 g) was dehematized to death. The trachea was 150-
lated and cut into a spiral strip in the Krebs-Ringer
solution. The preparation was placed in an organ bath
filled with the Krebs-Ringer solution which was main-
tained at 37° C. and gassed with 95% 02-5% CO;. The
preparation in the organ bath was allowed to equilibrate
under resting tension of 0.5 g. After equilibration per-
iod, the solution in the organ bath was replaced with an
isotonic solution containing 40 mM KCl to contract the
trachea preparation. |

After the contraction induced by KCl had reached
plateau, the compound (13) was cumulatively added to
the organ bath to relax the preparation.

The relaxation response was expressed as the percent
mhibition of the contraction induced by KCl.

(2) Results
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The concentration-response curve for the relaxing

effect of the compound (13) is illustrated in FIG. 6.

Referential Example 1)-16

Acute Toxicity
(1) Method

Using male ddY mice (4 week old), acute toxicity on
the oral administration of the compound of the present
invention was examined [test compound: N-cyano-N'-
(2-nitroxyethyl)-3-pyridinecarboximidamide (com-

pound (13))]. As a result, LDsg was about 400 mg/kg.

Example 1)-1

Preparation of
N-cyano-N'-(2-nitroxyethyl)-2-pyridinecarboximida-
mide (Method 1)

a) 2-cyanopyridine (10.0 g, 96.1 mmol) was dissolved
in methanol (50 ml). Sodium methoxide (0.26 g, 4.8
mmol) was added to the solution, and reaction was
conducted for 6 hours at room temperature. After the
‘reaction was completed, acetic acid (0.32 g, 5.3 mmol)
was added to neutralize the reaction solution, and the
solution was concentrated under reduced pressure. Di-
ethyl ether (50 ml) was added to the concentrated resi-
due, and diethyl ether insoluble products were removed
by filtration. The filtrate was concentrated under re-
duced pressure to give the crude product of methyl
2-pyridinecarboximidate as a pale yellow oil in a yield
of 7.5 g.

Next, cyanamide (4.64 g, 110 mmol) and a phosphate
buffer (pH 35.4) (70 ml) of Na,HPO4 (7.81 g, 55 mmol)
and NaH;P0O4.2H,0 (34.3 g, 220 mmol) were added to
the oil, and the mixture was stirred vigorously at room
temperature for 4 hours. After the reaction was com-
pleted, extraction was carried out with dichlorometh-
ane (100 mlX3), and the dichloromethane layer was
dried over anhydrous sodium sulfate and then concen-
trated under reduced pressure. The concentrated resi-
due thus obtained was subjected to chromatography on
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a silica gel column (WAKOQO GEL C-200, 40 g) by elut-
ing with hexane : diethyl ether (1:2). The product ob-
tained was further crystallized from dichloromethane-
diethyl ether to give methyl N-cyano-2-pyridinecarbox-
imidate (8.81 g, 54.7 mmol, yield: 57%) as colorless
needles.

Physico-chemical properties of methyl N-cyano-2-
pyridinecarboximidate

MP: 81.0°-81.5° C,;

IR spectrum: (cm—1, KBr) 2220, 1640, 1570, 1340;

NMR spectrum: (100 MHz, CDCl3—CD30D) 6
(ppm) 8.83 (1H, ddd, J=2.4, 3.4, 9.4Hz), , 7.98 (1H, dd,
J=2.4, 7.3Hz), 7.94 (1H, d, J=3.4Hz), : 7.63 (1H, dd,
J=17.3, 9.4Hz), 4.16 (3H, s).

b) Methyl N-cyano-2-pyridinecarboximidate (0.50 g,
3.1 mmol) was dissolved in methanol (5 ml), 2-nitroxye-
thylamine nitrate (0.57 g, 3.4 mmol) was added, and
sodium methoxide (0.18 g, 3.4 mmol) was further added
gradually. The mixture was stirred at room temperature
for 10 minutes. After the reaction was completed, the
reaction solution was concentrated under reduced pres-
sure, and the residue thus obtained was extracted with
dichloromethane (50 mlXx3). The dichloromethane
layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The concen-
trated residue was crystallized from dichloromethane-
diethyl ether to give the title compound (0.44 g, 0.20
mmol, yield: 63%) as colorless needles.

Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-2-pyridinecarboximidamide

MP: 53.5°-54.0° C.;

IR spectrum: (cm—!, KBr) 3280, 2180, 1640, 1630,
1600, 1580, 1560, 1290;

NMR spectrum: (100 MHz, CD3;0D) & (ppm) 8.73
(1H, br d, J=3.4Hz), 8.3-7.9 (2H, m), 7.64 (1H, m), 4.77
(2H, t, J=5.5Hz), 3.92 (2H, t, J=5.5Hz);

Elementary Analysis: C H N

Calculated: 45.96 3.86 ©29.78

Found: 45.68 3.76 30.12 (%)
(CoHyN503)

Example 1)-2

Preparation of
N-cyano-N'-(2,2-dimethylpropyl)-2-pyridinecarbox-
imidamide (method 1)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 2,2-dimethyl-
propylamine (0.30 g, 3.4 mmol) was added, and the
resulting mixture was stirred at room temperature for 30
minutes. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the residue thus obtained was crystallized from di-
chloromethane-diethyl ether to give the title compound
(0.63 g, 2.9 mmol, yield: 94%) as colorless needles.

Physico-chemical properties of N-cyano-N'-(2,2-
dimethylpropyl)-2-pyridinecarboximidamide

MP: 109°-109.8° C.;

IR spectrum: (cm—1, KBr) 3260, 2970, 2190, 1600,
1580, 1560;

NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 8.7-8.5
(3H, m), 8.00-7.80 (1H, m), 7.6-7.4 (1H, m), 3.58 (2H, d,
J=6.9Hz), 1.05 (9H, s);
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Elementary Analvsis: C H N
Calculated: 66.64 7.46 25.90
Found: 66.41 7.58 25.72 (%)
(C12H16N4)

Example 1)-3

Preparation of
N-cyano-N'-(1,2,2-trimethylpropyl)-2-pyridinecarbox-
imidamide (method 1)

Methyl N-cyano-2-pyrnidinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 1,2,2-trime-
thylpropylamine (0.34 g, 3.4 mmol) was added, and the
resulting mixture was stirred at room temperature for 30
minutes. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the residue thus obtained was crystallized from di-
chloromethane-diethyl ether to give the title compound
(0.67 g, 2.9 mmol, yield: 92%) as colorless needles.

Physico-chemical properties of N-cyano-N'-(1,2,2-
trimethylpropyl)-2-pyridinecarboximidamide

MP: 96.5°-97.0° C.;

IR spectrum: (cm—1, KBr) 3230, 3100, 2960, 2180, '

1590, 1580, 1560;

NMR spectrum: (100 MHz, CD30D) 6 (ppm) 8.60
(ZH, m), 7.92 (1H, m), 7.50 (1H, m), 4.48 (1H, q,
J=7.2Hz), 1.28 (3H, d, J=7.2Hz), 1.03 (9H, s);

Elementary Analysis: C H N

Calculated: 67.80 7.88 24.33

Found: 67.51 7.97 24.25 (%)
(Ci13H18Ng)

Example 1)-4

Preparation of N-cyano-N'-phenyl-2
-pyridinecarboximidamide (method i)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), aniline (0.32
g, 3.4 mmol) was added, and the resulting mixture was
stirred at room temperature for 40 minutes. After the
. reaction was completed, the reaction solution was con-
centrated under reduced pressure, and the residue thus
obtained was crystallized from dichloromethane-
diethyl ether to give the title compound (0.63 g, 2.8
mmol, yield: 91%) as colorless needles.

Physico-chemical properties of N-cyano-N'-phenyl-
2-pyridinecarboximidamide

MP: 103.0°-104.0° C.;

IR spectrum: (cm—!, KBr) 2180, 1620, 1610, 1580,
1560; |

NMR spectrum: (100 MHz, CD3;0OD) 6 (ppm) 8.80
(1H, br s), 8.4-8.0 (2H, m), 7.9-7.2 (6H, m);

Elementary Analysis: C H N

Calculated: 70.26 4.54 25.21

Found: 70.09 4.57 23.14 (%)
(C13H10Ng)
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Example 1)-5

Preparation of
N-cyano-N'-(4-methoxyphenyl)-2-pyridinecarbox-
imidamide (method 1)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 4-methox-
yaniline (0.36 g, 3.4 mmol) was added, and the resulting
mixture was stirred at room temperature for 30 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from dichlorome-
thane-diethyl ether to give the title compound (0.74 g,
2.9 mmol, yield: 94%) as colorless needles.

Physico-chemical properties of N-cyano-N'-(4-
methoxyphenyl)-2-pyridinecarboximidamide

MP: 116.5°-117.2° C,;

IR spectrum: (cm—1!, KBr)

NMR spectrum: (100 MHz, CD;0OD) 6 (ppm) 8.77
(1H, br d, J=5.8Hz), 8.25 (1H, d, J=7.2Hz), 8.06 (1H,

t, J=72Hz), 7.8-6.9 (3H, m), 698 (2ZH, br d,

J=10.3Hz), 3.83 (3H, s);

Elementary Analvsis: C H N

Calculated: 66.66 4.79 22.21

Found: 66.41 4.83 22.12 (%)
(C14H12N4O)

Example 1)-6

Preparation of
N-cyano-N'-(4-methylbenzyl)-2-pyridinecarboximida-
mide (method i)

Methyl N-cyano-2-pyrnidinecarboximidate (0.30 g, 1.9
mmol) was dissolved in methanol (10 ml), p-methylben-
zylamine (0.25 g, 2.1 mmol) was added, and the result-
ing mixture was stirred at room temperature for 2 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from diethyl ether to
give the title compound (0.41 g, 1.6 mmol, yield: 91%)
as colorless crystals.

Physico-chemical properties of N-cyano-N'-(4-
methylbenzyl)-2-pyridinecarboximidamide

MP: 104.2°~104.8° C,;

IR spectrum: (cm—}, KBr) 2180, 1600, 1570;

NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 8.8-8.5
(2H), 7.91 (1H, dt, J=2.7, 7.5Hz), 7.49 (1H, dd, J=4.8,
1.5Hz), 7.35-7.15 (4H), 4.84 (2ZH, d, J=7.3Hz), 2.37 (3H,

S);

Elementary Analysis: C H N

Calculated: 71.98 5.64 22.38 |

Found: 71.87 5.59 22.11 (%)
(CisH14Ny)

Example 1)-7

Preparation of
N-cyano-N'-(4-chlorobenzyl)-2-pyridinecarboximida-
mide (method 1)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 4-chloroben-
zylamine (0.48 g, 3.4 mmol) was added, and the result-
ing mixture was stirred at room temperature for 5 hours.
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After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from diethyl ether to
give the title compound (0.13 g, 0.5 mmol, yield: 16%)
as colorless crystals.

Physico-chemical properties of N-cyano-N'-(4-
chlorobenzyl)-2-pyridinecarboximidamide

MP: 93.5°-94.0° C,;

IR spectrum: (cm—!, KBr) 2180, 1610, 1560;

NMR spectrum: (100 MHz, CDCIl3) 6 (ppm)
8.75-8.55 (2H), 7.92 (1H, dt, J=2.4, 7.5Hz), 7.50 (1H,
dd, J=5.1, 7.5Hz), 7.36 (4H, s), 4.85 (2H, d, J=6.8Hz);

Elementary Analysis: C H N

Calculated: 62.11 4.10 20.70

Found: 62.08 4.00 20.43 (%)
(CisH11N4Cl)

Example 1)-8

Preparation of
N-cyano-N'-{4-(trifluoromethyl)benzyl]-2-pyridinecar-
boximidamide (method 1)

Methyl N-cyano-2 pyridinecarboximidate (0.30 g, 1.9
mmol) was dissolved in methanol (10 ml), 4-(tri-
fluoromethyl)benzylamine (0.36 g, 2.1 mmol) was

added, and the resulting mixture was stirred at room

temperature for 30 minutes. After the reaction was
completed, the reaction solution was concentrated
under reduced pressure, and the residue thus obtained
was crystallized from diethyl ether to give the title
compound (0.47 g, 1.5 mmol, yield: 84%) as colorless
crystals.

Physico-chemical properties of N cyano-N'-[4-(tri-
fluoromethyl)benzyl]-2-pyridinecarboximidamide

MP: 127.0°-127.2° C.;

IR spectrum: (cm—!, KBr) 2180, 1570, 1330;

NMR spectrum: (100 MHz, CDCl3) ¢ (ppm)
8.80-8.55 (2H), 7.95 (1H, dt, J=2.7, 7.2Hz), 7.70-7.40
(SH), 4.92 (2H, d, J=6.1Hz);

Elementary Analysis: C H N

Calculated: 39.21 3.64 18.41

Found: 59.15 . 3.63 18.25 (%)
(C15H 1 NgF3)

Example 1)-9

Preparation of
N-cyano-N'-[2-(4-methylphenyl)ethyl}-2-pyridinecar-
- boximidamide (method i)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 2-(p-tolyl)e-
thylamine (0.47 g, 3.5 mmol) was added, and the result-
ing mixture was stirred at room temperature for 1 hour.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from methanol-
diethyl ether to give the title compound (0.76 g, 2.9
mmol, yield: 93%) as colorless crystals. |

Physico-chemical properties of N cyano-N'-[2-(4-
methylphenyl)ethyl]-2-pyridinecarboximidamide

MP: 91.0°-91.5° C,;

IR spectrum: (cm—1, KBr) 2180, 1600, 1580, 1560;
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NMR spectrum: (500 MHz, CDCl3) & (ppm)
8.62-8.55 (2H), 8.41 (1H, br s), 7.89 (1H, dt, J=1.8,
7.8Hz), 7.48 (1H, dd, J=5.2, 7.8Hz), 7.15 (4H, dd,
J=7.6, 14.0Hz), 3.97 (2H, br s), 2.99 (2H, t, J=7.6Hz);

Elementary Analysis: C H N

Calculated: 72.70 6.10 21.20

Found: 72.44 5.98 21.01 (%)
(Ci16H16N4)

Example 1)-10

Preparation of
N-cyano-N'-[2-(4-chlorophenyl)ethyl]-2-pyridinecar-
boximidamide (method 1)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 4-chloro-
phenethylamine (0.53 g, 3.4 mmol) was added, and the
resulting mixture was stirred at room temperature for 30
minutes. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the residue thus obtained was crystallized from di-
chloromethane-diethyl ether to give the title compound
(0.43 g, 1.5 mmol, yield: 49%) as colorless needles.

Physico-chemical properties of N-cyano-N'-[2-(4-
chlorophenyl)ethyl]-2-pyridinecarboximidamide

MP: 112.7°-113.0° C;

IR spectrum: (cm—1, KBr) 3280, 2170, 1620, 1550,
1440; +
NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 8.7-8.3
(3H), 7.90 (1H, m), 7.84 (1H, m), 7.3-7.1 (4H), 3.95 (2H,
q, J=6.8Hz), 3.00 (ZH, t, J=6.8Hz);
Elementary Analysis: C H N
Calculated: 63.27 4.60 19.68
Found: 63.17 4.71 19.70 (%)
(C1sH13N4Cl)
Example 1)-11
Preparation of

N-cyano-N'-(2-hydroxy-1-methyl-2-phenylethyl)-2-
pyridinecarboximidamide (method 1)

Methyl N-cyano-2-pyridinecarboximidate (0.24 g, 1.5
mmol) was dissolved in methanol (5§ ml), DL-phenyl-
propanolamine hydrochloride (0.31 g. 1.7 mmol, sup-
plied by Tokyo Chemical Industry Co., I.td.) and trieth-
ylamine (0.17 g, 1.7 mmol) were added, and the result-
ing mixture was stirred at room temperature for 5 solu-
tion was concentrated under reduced pressure, and the
residue thus obtained was extracted with ethyl acetate
(30 ml X 3). The ethyl acetate layer was washed with
water (100 ml), dried over anhydrous sodium sulfate
and concentrated under reduced pressure. The concen-
trated residue thus obtained was crystallized from di-
ethyl ether to give the title compound (0.23 g, 0.8 mmol,
yield: 549%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
hydroxy-1-methyl-2-phenylethyl)-2-pyridinecarbox-
imidamide

MP: 135.2°-135.5° C.;

IR spectrum: (cm—1, KBr) 2180, 1580, 1560;

NMR spectrum: (500 MHz, CDCI;—CD30D) 6
(ppm) 8.68 (1H, d, J=4.8Hz), 8.42 (1H, d, J=8.0Hz),



),166,347

43
7.97 (14, dt, J=2.0, 8.0Hz), 8.57 (1H, dd, J=5.6,
8.0Hz), 7.46 (2H, d, J=7.8Hz), 7.38 (2H, t, J=7.8Hz),
7.29 (1H, t, J=7.8Hz), 5.05 (1H, d, J=3.6Hz), 4.70 (1H,
brs), 1.17 (3H, d, J=7.6Hz);

Elementary Analysis: C H N

Calculated: 68.55 5.75 19.99

Found: 68.56 5.66 19.72 (%)
(C16H16N40)

Example 1)-12

Preparation of
N-cyano-N'-(2-thienylmethyl)-2-pyridinecarboximida-
mide (method 1)

Methyl N-cyano-2-pyridinecarboximidate (0.50 g, 3.1
mmol) was dissolved in methanol (10 ml), 2-thio-
phenemethylamine (0.38 g, 3.4 mmol) was added, and
the resulting mixture was stirred at room temperature
for 40 minutes. After the reaction was completed, the
reaction solution was concentrated under reduced pres-
sure, and the residue thus obtained was crystallized
from dichloromethane-diethyl ether to give the title
compound (0.40 g, 1.7 mmol, vield: 54%) as colorless
- needles.

- Physico-chemical properties of N-cyano-N'-(2-
thienylmethyl)-2-pyridinecarboximidamide

MP: 87.0°-88.0° C.;

IR spectrum: (cm—1, KBr) 3220, 2160, 1600, 1580,
1560;

NMR spectrum: (500 MHz, CDC13) & (ppm) 8.72
(1H, br s), 8.60 (1H, d, J=4.0Hz), 8.51 (1H, br s), 7.93
(1H,t, J=8.6Hz), 7.52 (1H, dd, J=5.1, 8.6Hz), 7.31 (1H,
d, J=49Hz), 7.14 (1H, d, J=3.4Hz), 7.02 (1H, dd,
J=3.7, 5.4Hz), 5.05 (2H, s);

Elementary Analysis: C H N
Calculated: 59.49 416 23.12
Found: 59.76 4.14 23.21 (%)

(C12H10N4S)

Example 1)-13

Preparation of
N-cyano-N’'-(2-nitroxyethyl)-3-pyridinecarboximida-
mide (method 1)

a) 3-cyanopyridine (10.0 g, 96.1 mmol) was dissolved
in isopropanol (50 ml). Sodium hydride (0.23 g, 9.6
mmol) from which oily matters had been removed by
washing with ether was added to the solution, and the
mixture was stirred at room temperature for 3 hours.
After the reaction was completed, acetic acid (0.64 g,
10.7 mmol) was added to neutralize the reaction solu-
tion, and the solution was concentrated under reduced
pressure. After concentrating the solution, diethyl ether
(80 ml) was added to the concentrated residue, and
insoluble products were removed by filtration. The
filtrate was concentrated under reduced pressure, and
hexane (80 ml) was added to the concentrated residue,
and depositing unreacted 3-cyanopyridine was removed
by filtration. The hexane solution was then concen-
trated under reduced pressure to give the crude product
of isopropyl 3-pyridinecarboximidate as a pale yellow
oil in a yield of 5.68 g.

Next, cyanamide (2.91 g, 69.2 mmol) and a phosphate
buffer (pH 5.4, 30 ml) of Na;HPO4 (4.91 g, 34.6 mmol)
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and NaH»>PO4.2H>,0 (21.59 g, 138.4 mmol) were added
to the oil, and the mixture was stirred at room tempera-
ture for 6 hours. After the reaction was completed, the
reaction solution was extracted with dichloromethane
(100 m1x 3), and the dichloromethane layer was dried
over anhydrous sodium sulfate and then concentrated
under reduced pressure. The concentrated residue thus
obtained was subjected to chromatography on a silica
gel column (WAKO GEL C-200, 250 g) by eluting with
hexane : diethyl ether (1:2). The eluted fractions were

concentrated to give isopropyl! N-cyano-3-pyridinecar-

boximidate (4.84 g, 25.6 mmol, yield: 26%) as pale yel-
low oil.

Physico-chemical properties of isopropyl N-cyano-3-
pyridinecarboximidate

IR spectrum: (cm—!, neat) 3240, 2250, 2180, 1610,
1380, 1310, 1100;

NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 9.15
(1H, d, J=2.6Hz), 8.83 (1H, dd, J=1.7, 4.9Hz), 8.48
(1H, ddd, J=1.7, 2.6, 8.1Hz), 7.50 (1H, dd, J=4.9,
8.1Hz), 5.42 (1H, m, J=7.2Hz), 1.48 (6H, d, J=7.2Hz).

b) Isopropyl N-cyano-3-pyridinecarboximidate (0.50
g, 2.6 mmol) was dissolved in methanol (10 ml), and
2-nitroxyethylamine nitrate (0.49 g, 2.9 mmol) and so-
dium methoxide (0.16 g, 2.9 mmol) were added. The
mixture was stirred at room temperature for 10 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due was extracted with dichloromethane (50 ml X 3).
The dichloromethane layer was dried over anhydrous
sodium sulfate and concentrated under reduced pres-
sure. The concentrated residue was crystallized from
dichloromethane-diethyl ether to give the title com-
pound (0.48 g, 2.1 mmol, yield: 79%) as colorless nee-
dles.

Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-3-pyridinecarboximidamide

MP: 99.5°-100.2° C,;

IR spectrum: (cm—!, KBr) 2180, 1640, 1590, 1280;

NMR spectrum: (100 MHz, CDCIl3) ¢ (ppm) 8.73
(1H, 4, J=4.9H2), 8.71 (1H, s), 8.16 (1H, d, J=7.9Hz),
7.51 (1H, dd, J=4.9, 7.9Hz), 4.72 (2H, t, J=4.9Hz), 3.84
(2H, t, J=4.9Hz); |

Elementary Analysis: C H N

Calculated: 45.96 3.86 29.78

Found: 45.77 3.78 30.01 (%)
(CoHgN503)

Example i)-14

| Preparation of |
N-cyano-N’-(3-nitroxypropyl)-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 mi), and 3-
nitroxypropylamine nitrate (0.53 g, 2.9 mmol) and so-
dium methoxide (0.16 g, 2.9 mmol) were added. The
mixture was stirred at room temperature for 18 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due was extracted with chloroform (30 mlX3). The
chloroform layer was washed with water (100 ml),
dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The concentrated residue thus
obtained was subjected to chromatography on a silica



45
gel column (WAKO GEL C-200, 30 g) eluting with
chloroform-methanol (60:1). Eluted fractions were con-
centrated under reduced pressure and crystallized from
methanol-diethyl ether to give the title compound (0.26
g, 1.0 mmol, yield: 39%) as colorless crystals.

Physico-chemical properties of N-cyano-N’'-(3-
nitroxypropyl)-3-pyridinecarboximidamide

MP: 124.9°-125.8° C.;

IR spectrum: (cm—1!, KBr) 2180, 1620, 1600, 1560,
1280;

NMR spectrum: (500 MHz, CDCIl3-CD3;0D) 6 (ppm)
8.75-8.70 (2H), 8.10 (1H, dt, J=2.4, 7.8Hz), 7.54 (1H,
dd, J=35.2, 7.8Hz), 4.59 (2H, t, J=6.0Hz), 3.61 (2H, t,
J=6.0Hz), 2.14 (2H, quint, J=6.0Hz);

Elementary Analysis: C H N

Calculated: 48.19 4.45 28.10

Found: 48.16 4.29 27.93 (%)
{(Ci1oH11N503)

Example 1)-15

Preparation of
N-cyano-N’-(3,3-dimethylbutyl)-3-pyridinecarbox-
imidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.60 g,
3.2 mmol) was dissolved 1n methanol (10 ml), and 3,3-
dimethylbutylamine (0.36 g, 3.6 mmol) was added. The
mixture was stirred at room temperature for 20 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the con-
centrated residue was crystallized from dichlorome-
thane-diethyl ether to give the title compound (0.46 g,
2.0 mmol, yield: 63%) as colorless needles.

Physico-chemical properties of N-cyano-N'-(3,3-

dimethylbutyl)-3-pyridinecarboximidamide

MP: 168.0°~168.2° C.;

IR spectrum: (cm—!, KBr) 3250, 2970, 2190, 1590,
1560, 720;

NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 10 8.70
(2ZH, m), 7.96 (1H, d, J=8.6Hz), 7.42 (1H, dd, J=5.5,
8.6Hz), 6.88 (1H, br s), 3.50 (2H, m), 1.58 (2H, m), 1.00
(SH, s);

Elementary Analysis: C - H N

Calculated: 67.80 7.88 24.32

Found: 67.69 7.95 24.36 (%)
| (Ci3H1gNg)

Example 1)-16

Preparation of N-cyano-N'-(4-methylphenyl)
3-pyridinecarboximidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 4-
methylaniline (0.31 g, 2.9 mmol) was added. The mix-
ture was stirred at room temperature for 30 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the con-
centrated residue thus obtained was crystallized from
dichloromethane-diethyl ether to give the title com-
pound (0.56 g, 2.4 mmol, yield: 90%) as colorless nee-
dles.

Physico-chemical properties of N-cyano-N'-(4-
methylphenyl)-3-pyridinecarboximidamide
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MP: 202.5°-203.0° C,;
IR spectrum: (cm—!, KBr) 3200, 2180, 1580, 1550,
710;
NMR spectrum: (100 MHz, CDCI3-CD30D) 6 (ppm)
8.86 (1H, s), 8.78 (1H, brs), 8.18 (1H, br s), 7.60 (3H, br
s), 7.22 (2H, m), 2.39 (3H, s);

N

Elementary Analysis: C H

Calculated: 71.17 512 23.71

Found: 71.06 5.15 23.65 (%)
(Ci4H12Ny)

Example 1)-17

Preparation of N-cyano-N'-benzyl-3
-pyridinecarboximidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and ben-
zylamine (0.31 g, 2.9 mmol) was added. The mixture
was stirred at room temperature for 30 minutes. After
the reaction was completed, the reaction solution was
concentrated under reduced pressure, and the concen-
trated residue thus obtained was crystallized from me-
thanoldiethyl ether to give the title compound (0.44 g,
1.8 mmol, yield: 72%) as colorless needles.

Physico-chemical properties of N-cyano-N'-benzyl-
3-pyridinecarboximidamide

MP: 104°-104.5° C.;

IR spectrum: (cm—!, KBr) 3230, 3100, 2170, 1580,
1550, 710;

NMR spectrum: (100 MHz, CDCl3-CD30D) 6 (ppm)
8.70 (2H, br s), 8.08 (1H, dt, J=2.9, 7.9Hz), 25 7.50 (1H,
dd, J=4.8, 7.9Hz), 7.36 (5H, s), 4.62 (2H, t, J=3.4Hz);

Elementary Analysis: C H N

Calculated: 711.17 5.12 23.71

Found: 71.00 5.16 23.62 (9%)
(C14H12Ng)

Example 1)-18

Preparation of
N-cyano-N’-(4-methylbenzyl)-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pynidinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (§ ml), and 4-
methylbenzylamine (0.35 g, 2.9 mmol) was added. The
mixture was stirred at room temperature for 30 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the con-
centrated residue thus obtained was crystallized from
diethyl ether to give the title compound (0.60 g, 2.4
mmol, yield: 919%) as colorless powder.

Physico-chemical properties of N cyano-N’'-(4-
methylbenzyl)-3-pyridinecarboximidamide

MP: 150.0°~150.5° C.;

IR spectrum: (cm—!, KBr) 3270, 2180, 1580, 1560;

NMR spectrum: (100 MHz, CDCIi3—CD3;0D) &
(ppm) 8.72 (2H, m), 8.05 (1H, m), 7.57 (1H, dd, J=46.2,
7.5Hz), 7.20 (4H, s), 4.59 (2H, s), 2.30 (3H, s);

H
5.64

N
22.38

Elementary Analysis: C
Calculated: 71.98
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-continued
Elementary Analysis: C H N
Found: 71.72 5,78 22.24 (9)
(C1sH14N4)

Example 1)-19

Preparation of
N-cyano-N'-(4-methoxybenzyl)-3-pyridinecarbox-
imidamide (method 1) |

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 4-
methoxybenzylamine (0.40 g, 2.9 mmol) was added.
The mixture was stirred at room temperature for 40
minutes. After the reaction was completed, the reaction
‘solution was concentrated under reduced pressure, and
the concentrated residue thus obtained was crystallized
from methanol-diethyl ether to give the title compound
(0.50 g, 2.1 mmol, yield: 80%) as colorless powder.

Physico-chemical properties of N-cyano-N'-(4-
methoxybenzyl)-3-pyridinecarboximidamide

MP: 160.5°-162.5° C.;

IR spectrum: (cm—!, KBr) 3230, 1590, 1550, 1510,
12350; | |

NMR spectrum: (100 MHz, CDCl3—CD3;0D) &
(ppm) 8.73 (2H, m), 8.08 (1H, m), 7.58 (1H, m), 7.32 (2H,
d, J=9.2Hz), 6.91 (2H, d, J=9.2Hz), 4.59 (2H, s), 3.78
(3H, s);

Elementary Analysis: C H N

Calculated: 67.65 5.30 21.04

Found: 67.88 5.28 21.04 (%)
(C15H14N40)

Example 1)-20

Preparation of
N-cyano-N'-(4-dimethylaminobenzyl)-3-pyridinecar-
boximidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (5 ml), and a solu-
tion of p-(dimethylamino)benzylamine dihydrochloride
(0.65 g, 2.9 mmol) and triethylamine (0.64 g, 6.4 mmol)
in methanol (5§ ml) were added. The mixture was stirred
at room temperature for 6 hours. After the reaction was
completed, the reaction solution was concentrated
under reduced pressure, and the concentrated residue
thus obtained was extracted with ethyl acetate (50
m! X 3). The ethyl acetate layer was washed with water
(50 ml), dried over anhydrous sodium sulfate and con-
centrated under reduced pressure. The residual concen-
trate thus obtained was subjected to chromatography
on a silica gel column (WAKQO GEL C-200, 30 g) elut-
ing with chloroformmethanol (100:1). The eluted frac-
tions were concentrated under reduced pressure and
then crystallized from methanol-diethyl ether to give
the title compound (0.63 g, 2.3 mmol, yield: 85%) as
colorless powder.

Physico-chemical properties of N-cyano-N'-(4-dime-
thylaminobenzyl)-3-pyridinecarboximidamide

MP: 148.8°-152.0° C;

IR spectrum: (cm—!, KBr) 2180, 1580, 1550, 1530;

NMR spectrum: (100 MHz, CDCl3-CD30D) & (ppm)
8.70 (2H, m), 8.06 (1H, m), 7.57 (1H, dd, J=5.2, 7.5Hz),
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48 |
7.25(2H, d, J=9.2Hz), 6.76 (2H, d, J =9.2Hz), 4.53 (2H,
s), 2.92 (6H, s);

Elementary Analysis: C H N
Calculated: 68.80 6.13 25.07
Found: 68.56 6.09 24.97 (%)

(C16H17N5)

Example 1)-21

Preparation of N-cyano-N'-[4
(trifluoromethyl)benzyl}-3-pyridinecarboximidamide
(method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 4-(tri-
fluoromethyl)benzylamine (0.51 g, 2.9 mmol) was
added. The mixture was stirred at room temperature for
1 hour. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the concentrated residue thus obtained was crystallized
from diethyl ether to give the title compound (0.53 g,
1.7 mmol, yield: 66%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-[4-(tri-
fluoromethyl)benzyl]-3-pyridinecarboximidamide

MP: 201.0°-201.5° C,;

IR spectrum: (cm—!, KBr) 2170, 1590, 1580, 1550,
1330: |

NMR spectrum: (100 MHz, CDCl3—CD3;0D) o
(ppm) 8.80-8.70 (2H), 8.11 (1H, d, J=7.8Hz), 7.75-7.40
(5H), 4.70 (2H, s);

Elementary Analysis: C H N
Calculated: 59.21 3.64 18.41
Found: 59.14 3.62 18.17 (%)

(CisH1iNgF3)

Example 1)-22

Preparation of

N-cyano-N'-(4-chlorobenzyl)-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pyndinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 4-
chlorobenzylamine (0.41 g, 2.9 mmol) was added. The
mixture was stirred at room temperature for 1.5 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the con-
centrated residue thus obtained was crystallized from
methanol-diethyl ether to give the title compound (0.65
g, 2.4 mmol, yield: 91%) as colorless powder.

Physico-chemical properties of N-cyano-N'-(4-
chlorobenzyl)-3-pyridinecarboximidamide

MP: 163.5°-166.0° C.;

IR spectrum: (cm—!, KBr) 3250, 2180, 1580, 1550;

NMR spectrum (100 MHz, CDCl3-CD3;0D) é (ppm)

8.75 (2H, m), 8.10 (1H, m), 7.59 (1H, dd, J=5.5, 7.9Hz),

7.40 (4H, s), 4.54 (2H, s);

Elementary Analysis: C H N

Calculated: 62.11 4.10 20.70

Found: 61.94 4.11 20.65 (%)
(Ci4H11N4Cl)
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Example 1)-23

Preparation of
N-cyano-N'-(4-nitrobenzyl)-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (3 ml), and a solu-
tion of p-nitrobenzylamine hydrochloride (0.55 g, 2.9
mmol) and triethylamine (0.32 g, 3.2 mmol) in methanol
(5ml) was added. The mixture was stirred at room tem-
perature for 2 hours. After the reaction was completed,
the reaction solution was concentrated under reduced
pressure, and the concentrated residue thus obtained
was crystallized from methanol-diethyl ether to give

the title compound (0.70 g, 2.5 mmol, yield: 95%) as
colorless powder.

Physico-chemical properties of
N-cyano-N'-(4-nitrobenzyl)-3-pyridinecarboximida-
- mide

MP: 206.2°-207.5° C;

IR spectrum: (cm—1, KBr) 2180, 1580, 1550, 1520,
1350, 1340:;

NMR spectrum: (100 MHz, CDCl3—CD3;OD) o
(ppm) 8.83 (2H, m), 8.4-8.0 (3H), 7.8-7.5 (3H), 4.75 (2H,
d, J=6.2Hz);

Elementary Analysis: C H N

Calculated: 59.78 3.94 24.90

Found: 56.50 4.06 24,88 (%)
(C14H11N50))

Example 1)-24

Preparation of .
N-cyano-N'-(3,4-dichlorobenzyl)-3-pyridinecarbox-
imidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved 1n methanol (10 ml), and 3,4-
dichlorobenzylamine (0.51 g, 2.9 mmol) was added. The
mixture was stirred at room temperature for 3 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the con-
centrated residue thus obtained was crystallized from
diethyl ether to give the title compound (0.42 g, 1.4
mmol, yield: 52%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(3,4-
dichlorobenzyl)-3-pyndinecarboximidamide

MP: 149.5°-150.0° C.;

IR spectrum: (cm—!, KBr) 2170, 1590, 1550;

NMR spectrum: (500 MHz, CDCl3-CD30D) & (ppm)
8.75-8.72 (2H), 8.11 (1H, dt, J=2.0, 8.2Hz), 7.54 (1H,
dd, J=35.2, 8.2Hz), 7.48 (1H, d, J=2.0Hz), 7.46 (1H, d,
J=8.4Hz), 7.25 (1H, dd, J=2.0, 8.4Hz), 4 60 (2H, s);

Elementary Analysis: C H N

Calculated: 55.10 3.30 18.36

Found: 54.99 3.01 18.09 (%)
(C14H10N4Ch)
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Example 1)-25

Preparation of N-cyano-N'-[3,5
-bis(trifluoromethyl)benzyl}-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 3,5-
bis(trifluoromethyl)benzylamine (0.71 g, 2.9 mmol) was
added. The mixture was stirred at room temperature for
1 hour. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the concentrated residue thus obtained was crystallized
from diethyl ether to give the title compound (0.34 g,
0.91 mmol, yield: 35%) as colorless crystals.

Physico-chemical properties of N-cyano-N’-[3,5-bis(-
trifluoromethyl)benzyl]-3-pyridinecarboximidamide

MP: 172.0°-172.1° C,;

IR spectrum: (cm—!, KBr) 2180, 1580, 1280, 1180,
1120;

NMR spectrum: (500 MHz, CDCl;—CD3;0D) 6
(ppm) 8.76-8.72 (2H), 8.12 (1H, dt, J=2.0, 8.2Hz),
7.90-7.83 (3H), 7.54 (1H, dd, J=5.0, 8.2Hz),

Elementary Analysis: C H N
Calculated: 31.64 2.7] 15.05
Found: 51.49 2.56 14.95 (%)

(C16H10N4T¢)

Example 1)-26

Preparation of

N-cyano-N'-(3-benzyloxybenzyl)-3-pyridinecarbox-
imidamide (method 1)

Isopropyl N-cyano-3-pyrnidinecarboximidate (0.30 g,
1.6 mmol) was dissolved in methanol (10 ml), and 3-ben-
zyloxybenzylamine (0.41 g, 1.9 mmol) was added. The
mixture was stirred at room temperature for 2 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The concen-
trated residue was subjected to chromatography on a
silica gel column (WAKO GEL C-200, 30 g). Elution
with chloroform-methanol (100:1) was conducted, the
eluted fractions were concentrated under reduced pres-
sure, and the concentrated residue thus obtained was
crystallized from methanol-diethyl ether to give the
title compound (0.48 g, 1.4 mmol, yield: 889) as color-
less crystals.

Physico-chemical properties of N-cyano-N’'-(3-ben-
zyloxybenzyl)-3-pyridinecarboximidamide |

MP: 122.0°-122.2° C.;

IR spectrum: (cm—1, KBr) 2170, 1590;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm)
8.66-8.62 (2H), 7.98 (1H, dt, J=2.0, 7.9Hz), 7.44-7.26
(6H), 6.96-6.86 (4H), 5.06 (2H, s), 4.61

(2H, d, J=5.8Hz);

Elementary Analysis: C H N
Calculated: 713.67 3.30 16.36
Found: 73.54 3.19 16.11 (%)

(C21H18N40O)
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Example 1)-27

Preparation of
N-cyano-N'-(2-phenylethyl)-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 2-
phenylethylamine (0.35 g, 2.9 mmol) was added. The
mixture was stirred at room temperature for 40 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the con-
centrated residue thus obtained was crystallized from
methanol-diethyl ether to give the title compound (0.45
g, 1.8 mmol, yield: 68%) as colorless needles.

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-3-pyndinecarboximidamide

MP: 149.5°-150.0° C.;

IR spectrum: (cm—!, KBr) 3220, 3120, 2180, 1590,
1550, 710;

NMR spectrum: (100 MHz, CDCl3—CD30D) o
(ppm) 8.70 (1H, dd, J=2.0, 5.1Hz), 8.61 (1H, dd, J=1.0,
2.4Hz), 8.00 (1H, ddd, J=2.0, 2.4, 8.2Hz), 7.50 (1H,
ddd, J=1.0, 5.1, 8.2Hz), 7.26 (5H, br s), 3 74 (2H, t,
J=7.8Hz), 2.98 (2H, t, J=7.8Hz);

Elementary Analysis; C

H N
Calculated: 71.98 5.64 22.38
Found: 71.70 5.68 22.30 (%)
(CisH14Ny)

Example 1)-28

Preparation of
N-cyano-N'-[2-(2-methoxyphenyl)ethyl]-3-pyridinecar-
boximidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 2-(2-
methoxyphenyl)ethylamine (0.44 g, 2.9 mmol) was
added. The mixture was stirred at room temperature for
6 hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the residue thus obtained was subjected to chromatog-
raphy on a silica gel column (WAKQO GEL C-200, 30 g)
eluting with chloroform-methanol (100:1). The eluted
fractions were concentrated under reduced pressure,
and the concentrated residue thus obtained was crystal-

- lized from chloroformhexane to give the title com-

pound (0.50 g, 1.8 mmol, yield: 68%) as colorless crys-
tals.

Physico-chemical properties of N-cyano-N'-[2-(2-
methoxyphenyl)ethyl]-3-pyridinecarboximidamide

MP: 123.5° C,;

IR spectrum: (cm—!, KBr) 2170, 1580, 1550;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 8.76
(1H, d, J=4.4H2), 8.63 (1H, s), 8.03 (1H, d, J=9.6H2z),
7.44 (1H, dd, J=4.4,9.6Hz), 7.28 (1H, t, J=8.7Hz), 7.19
(1H, 4, J=8.7Hz), 6.98 (1H, t, J=8.7Hz), 6.92 (1H, d,
J=8.7Hz), 6.70 (1H, br s), 3.82 (3H, s), 3.75 (2H, m),
3.03 (2H, t, J=7.1Hz),

Elementary Analysis: C H N
Calculated: 68.55 5.75 19.99
Found: 68.72 5.71 19.91 (%)

(C16H16N4O)
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Example 1)-29

Preparation of |
N-cyano-N'-[2-(2-chlorophenyl)ethyl}-3-pyridinecar-
boximidamide (method 1) .

Isopropyl N-cyano-3-pyridinecarboximidate (0.30 g,
2.6 mmol) was dissolved in methano! (10 ml), and 2-(2-
chlorophenyl)ethylamine (0.45 g, 2.9 mmol) was added.
The mixture was stirred at room temperature for 7
hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure. The
residual concentrate was subjected to chromatography
on a silica gel column (WAKO GEL C-200, 30 g) elut-
ing with chloroform-methanol (100:1). The eluted frac-
tions were concentrated under reduced pressure, and
the concentrated residue thus obtained was crystallized
from methanolhexane to give the title compound (0.56
g, 2.0 mmol, yield: 75%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-[2-(2-
chlorophenyl)ethyl]-3-pyridinecarboximidamide

MP: 138.5°-140.0° C,;

IR spectrum: (cm—!, KBr) 2180, 1590;

NMR spectrum: (100 MHz, CDCI—CD30D) o6
(ppm) 8.77 (1H, dd, J=1.7, 4.8Hz), 868 (1H, d,
J=2.0Hz), 8.12 (1H, m), 7.60-7.25 (5H), 3.76 (2H, t,
J=7.6Hz), 3.14 (1H, t, J=7.6Hz);

Elementary Analysis: C H N

Calculated: 63.27 4.60 19.68

Found: 63.17 4.64 19.45 (%)
(C15H13N4Cl)

Example 1)-30

Preparation of
N-cyano-N’-[2-(4-chlorophenyl)ethyl]-3-pyridinecar-
boximidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.60 g,
3.2 mmol) was dissolved in methanol (10 ml), and 2-(4-
chlorophenylethylamine (0.55 g, 3.5 mmol) was added.
The mixture was stirred at room temperature for 2.5
hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure. The
residual concentrate was subjected to chromatography
on a silica gel column (WAKO GEL C-200, 50 g) elut-
ing with chloroform-methanol (100:1). The eluted frac-
tions were concentrated under reduced pressure, and
the concentrated residue thus obtained was further
crystallized from methanol-diethyl ether to give the
title compound (0.71 g, 2.5 mmol, yield: 79%) as color-
less powder. -

Physico-chemical properties of N-cyano-N’-[2-(4-
chlorophenyl)ethyl]-3-pyridinecarboximidamide

MP: 121.8°-122.0° C,;

IR spectrum: (cm—!, KBr) 3240, 3100, 2180, 1590,
1550, 710; |

NMR spectrum: (100 MHz, CDCl3) é6 (ppm) 8.8-8.5
(2H), 7.97 (1H, 4, J=9.9Hz), 7.5-7.1 (§H), 6.70 (1H, br
s), 3.78 (2H, q, J=6.8Hz), 2.99 (2H, t, J=6.8Hz);

Elementary Analysis: C H N

Calculated: 63.27 4.60 19.68

Found: 63.14 4.68 19.61 (%)
(Cy1sH13N4Cl)
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Example 1)-31

Preparation of
N-cyano-N'-[2-(4-benzylaminophenyl)ethyl]-3-
pyridinecarboximidamide (method 1)

a) Isopropyl N-cyano-3-pyridinecarboximidate (1.0 g,
5.3 mmol) was dissolved in methanol (15 ml), and 2-(4-
aminophenyl)ethylamine (0.80 g, 5.8 mmol) was added.
The mixture was stirred at room temperature for 1 hour.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate was crystallized from methanol-diethyl
ether pyridinecarboximidamide (0.88 g, 3.3 mmol, yield:
63%) as colorless needles.

Physico-chemical properties of N-cyano-N'-[2-(4-
amimophenyl)ethyl]-3-pyridinecarboximidamide

MP: 154.5°-155.2° C,;

IR spectrum: (cm—!, KBr) 2160, 1580, 1540;

NMR spectrum: (500 MHz, CDCl3-CD30D) é (ppm)
8.70 (1H, dd, J=1.8, 5.4Hz), 8.62 (1H, d, J=1.8Hz),
8.01 (1H, dt, J=1.8, 8.6Hz), 7.51 (1H, dd, J=5.4,
8.6Hz), 7.03 (2H, d, J=8.4Hz), 6.70 (2H, d, J=8.4Hz),
3.67 2H, t, J=7.4Hz), 2.87 2H, t, J=7.4Hz);

Elementary Analvsis: C H N
Calculated: 67.91 3.70 26.40
Found: 67.80 3.66 26.17 (%)
(C15H15N5)
b) N-cyano-N'-[2-(4-aminophenyl)ethyl]-3-

pyridinecarboximidamide (0.20 g, 0.75 mmol) was dis-
solved 1n methanol (15 ml), and benzaldehyde (0.12 g,
1.13 mmol) and sodium cyanoborohydride (0.10 g, 1.59
“mmol) were added. The mixture was stirred at room
temperature for 2 hours. After the reaction was com-
pleted, the reaction solution was concentrated under
reduced pressure. The residue thus obtained was ex-
tracted with chloroform (50 m!x3). The chloroform
layer was washed with water (100 ml), dried over anhy-
drous sodium sulfate and concentrated under reduced
pressure. The residual concentrate was subjected to
chromatography on a silica gel column (WAKO GEL
C-200, 50 g) eluting with chloroform-methanol (100:1).
The eluted fractions were concentrated under reduced
pressure and crystallized from methanol-diethyl ether
to give the title compound (0.12 g, 0.34 mmol, yield:
75%) as colorless needles.

Physico-chemical properties of N-cyano-N'-{2 (4-
benzylaminophenyl)ethyl]-3-pyridinecarboximidamide

MP: 131.5°-132.0° C,; |

IR spectrum: (cm—1, KBr) 2180, 1590, 1550;

NMR spectrum: (500 MHz, CDCl3—CD30D) 6
(ppm) 870 (1H, dd, J=2.0, 5.2Hz), 8.62 (1H, d,
J=2.0Hz), 8.00 (1H, dt, J=2.0, 8.0Hz), 7.49 (1H, dd,
J=35.2, 8.0Hz), 7.38-7.25 (SH), 7.04 (2H, d, J=8.2H2),
6.63 (2H, d, J=8.2Hz), 4.32 (2H, s), 3.66 (2H, t,
J=7.4Hz), 2.86 (2H, t, J=7.4H2z);

Elementary Analysis: C H N

Calculated: 74.34 5.96 19.70

Found: 74.21 6.11 19.48 (%)
(C22H21N53)
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Example 1)-32

Preparation of
N-cyano-N'-[2-(4-nitrophenyl)-2-nitroxyethyl}-3-
pyridinecarboximidamide (method i)

Isopropyl N-cyano-3-pyridinecarboximidate (0.22 g,
1.2 mmol) was dissolved in methanol (10 ml), and 2-(4-
nitrophenyl)-2-nitroxyethylamine nitrate (0.40 g, 1.4
mmol) and sodium methoxide (0.14 g, 2.6 mmol) were
added. The mixture was stirred at room temperature for
17 hours. After the reaction was completed, the reac-
tion solution was concentrated under reduced pressure.
The residual concentrate was extracted with chlofo-
rorm (100 ml X 3). The chloroform layer was washed
with water (150 ml), dried over anhydrous sodium sul-
fate and concentrated under reduced pressure. The
residual concentrate was subjected to chromatography
on a silica gel column (WAKO GEL C-200, 30 g) elut-
ing with chioroform-methanol (50:1). The eluted frac-
tions were concentrated under reduced pressure and

crystallized from methanol-diethyl ether to give the

title compound (0.13 g, 0.36 mmol, yield: 31%) as color-
less crystals.

Physico-chemical properties of N-cyano-N'-[2-(4-
nitrophenyl)-2-nitroxyethyl]-3-pyridinecarboximida-
mide

MP: 86.5°-89.0° C.;

IR spectrum: (cm—1, KBr) 2180, 1640, 1590, 1520,
1380, 1350;

NMR spectrum: (500 MHz, CDCl;—CD30OD) &
(ppm) 8.33 (2H, d, J=8.7Hz), 8.14 (1H, dd, J=4.0,
8.7Hz), 7.69 (2H, d, J=8.7Hz), 6.32 (1H, d, J=3.5,
9.3Hz), 3.76 (2H, m);

Elementary Analysis: C H N
Calculated: 50.57 3.39 23.59
Found: 50.50 3.49 23.33 (%)

(C15H12NgOs)

Example 1)-33

Preparation of
N-cyano-N'-(3-phenylpropyl)-3-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.60 g,
3.2 mmol) was dissolved in methanol (10 ml), and 3-
phenylpropylamine (0.47 g, 3.5 mmol) was added. The
mixture was stirred at room temperature for S0 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate thus obtained was subjected to chromatog-
raphy on a silica gel column (WAKO GEL C-200, 30 g)
eluting with chloroform-methanol (100:1). The eluted
fractions were concentrated under reduced pressure
and crystallized from methanol-diethyl ether to give the
title compound (0.67 g, 2.5 mmol, yield: 80%) as color-
less needles.

Physico-chemical properties of N-cyano-N'-(3-
phenylpropyl)-3-pyridinecarboximidamide

MP: 98.5°-99.1° C,;

IR spectrum: (cm—!, KBr) 3240, 2180, 1590, 1550,
1440, 710;

NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 8.7-8 4
(2H), 7.80 (1H, m), 7.4-7.0 (TH), 3.49 (2H, q, J=7.4H2),
2.70 (2H, t, J=7.4Hz), 1.98 (2H, quint, J=7.4Hz);
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Elementary Analysis: C H N

Calculated: 72.70 6.10 21.20

Found: 72.58 6.21 21.17 (%)
(C16Hi6N4)

Example 1)-34

Preparation of N-cyano-N'-diphenyl]
methyl-3-pyridinecarboximidamide hydrochloride
(method 1)

Isopropy! N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and
aminodiphenylmethane (0.54 g, 2.9 mmol) was added.
The mixture was stirred at room temperature for 1 hour.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate thus obtained was subjected to chromatog-
raphy on a silica gel column (WAKO GEL C-200, 40 g)
eluting with chloroform-methanol (100:1). The eluted
fractions were concentrated under reduced pressure to
give  N-cyano-N’'-diphenylmethyl-3-pyridinecarbox-
imidamide (0.48 g, 1.5 mmol, yield: 589) as colorless
syrup. Next, to this syrup was added a solution of 5%
hydrogen chloride in methanol (2 ml) to form a solu-
tion. The solution was further crystallized from me-
thanol-diethyl ether to give N-cyano-N'-diphenylmeth-
yl-3-pyridinecarboximidamide hydrochloride as color-
less powder.

Physico-chemical properties  of
diphenylmethyl-3-pyridinecarboximidamide
chloride

MP: 164.0°-165.2° C.;

IR spectrum: (cm—1, KBr) 3020, 2180, 1580, 700;

NMR spectrum: (100 MHz, CDCI3—CD3;0D) &
(ppm) 8.95 (2H, m), 8.58 (1H, m), 8.00 (1H, m), 7.4-7.2
(12H), 6.50 (1H, s);

N-cyano-N'-
hydro-

Elementary Analysts: C H N
Calculated: 68.86 4.91 16.23
Found: 68.61 5.04 16.15 (%)

(C20H16N4.HCI)

Example 1)-35

Preparation of
N-cyano-N'-(1,2-diphenylethyl)-3-pyridinecarbox-
imidamide hydrochloride (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.60 g,
3.2 mmol) was dissolved in methanol (10 ml), and 1,2-
diphenylethylamime (0.69 g, 3.5 mmol) was added. The
mixture was stirred at room temperature for 45 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate thus obtained was subjected to chromatog-
raphy on a silica gel column (WAKO GEL C-200, 50 g)
eluting with chloroform-methanol (100:1). The eluted
fractions were concentrated under reduced pressure to
give N-cyano-N’'-(1,2-diphenylethyl)-3-pyridinecarbox-
imidamide (0.60 g, 1.8 mmol, yield: 58%) as colorless
syrup. Next, to this syrup was added a 5% hydrogen
chloride solution in methanoi (2.5 mi). The solution was
crystallized from a methanol-diethyl ether to give N-
cyano-N'-(1,2-diphenylethyl)-3-pyridinecarboximida-
mide hydrochloride as colorless powder.
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Physico-chemical properties of N-cyano-N'-(1,2-
diphenylethyl)-3-pyridinecarboximidamide hydrochlo-
ride

MP: 140.5°-143.0° C;

IR spectrum: (cm—!, KBr) 2180, 1570, 700;

NMR spectrum: (100 MHz, CDCl3—CD30OD) o
(ppm) 8.90 (1H, d, J=5.8Hz), 8.72 (1H, s), 8.48 (1H, d,
J=9.6Hz), 8.10 (1H, dd, J=5.8, 9.6Hz), 7.6-7.2 (10H),
5.46 (1H, t, J=8.6Hz), 3.29 (2H, d, J=8.6Hz);

Elementary Analysis: C H N
Calculated: 69.51 5.28 15.44
Found: 69.32 3.25 15.43 (%)
(C21H 8N4 . HCD)
Example 1)-36
Preparation of
N-cyano-N'-(2,2-diphenylethyl)-3-pyridinecarbox-

imidamide hydrochloride (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 2,2-
diphenylethylamine (0.58 g, 2.9 mmol) was added. The
mixture was stirred at room temperature for 2 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate thus obtained was subjected to chromatog-
raphy on a silica gel column (WAKO GEL C 200, 30 g)
eluting with chloroform-methanol (100:1). The eluted
fractions were concentrated under reduced pressure to
give N-cyano-N'-(2,2-diphenylethyl)-3-pyridinecarbox-
imidamide (0.61 g, 1.9 mmol, yield: 71%) as colorless
syrup. Next, to this syrup was added a 5% hydrogen
chloride solution in methanol (2.5 mi). The solution was
crystallized from methanol-diethyl ether to give N-
cyano-N'-(2,2-diphenylethyl)-3-pyridinecarboximida-
mide hydrochloride as colorless powder.

Physico-chemical properties of N-cyano-N'-(2,2-
diphenylethyl)-3-pyridinecarboximidamide hydrochlo-
ride

MP: 139.5°-142.0° C,;

IR spectrum: (cm—1, KBr) 3040, 2170, 1610, 1580,
700;

NMR spectrum: (100 MHz, CDCl;—CD30D) 6
(ppm) 8.94 (1H, d, J=6.2Hz), 8.70 (1H, s), 8.41 (1H, d,
J=8.6Hz), 8.08 (1H, dd, J=6.2, 8.6Hz), 4.60 (1H, t,
J=8.9Hz), 4.19 (2H, d, J=8.9Hz);

Elementary Analysis: C H N
Calculated: 69.51 5.28 15.44
Found: 69.19 5.46 15.20 (%)
(C21H18N4.HC)
Example 1)-37
Preparation of
N-cyano-N'-(3,3-diphenylpropyl)-3-pyridinecarbox-

imidamide (method 1)

Isopropyl N-cyano-3-pyrnidinecarboximidate (0.60 g,
3.2 mmol) was dissolved in methanol (10 ml), and 3,3-
diphenylpropylamine (0.74 g, 3.5 mmol) was added.
The mixture was stirred at room temperature for 1 hour.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate thus obtained was subjected to chromatog-
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raphy on a silica gel column (WAKO GEL C-200, 50 g)
eluting with chloroform-methanol (100:1). The eluted
fractions were concentrated under reduced pressure
and crystallized from methanol-diethyl ether to give the
title compound (0.68 g, 2.0 mmol, yield: 63%) as color- 5
less powder.

Physico-chemical properties of N-cyano-N'-(3,3-
diphenylpropyl)-3-pyridinecarboximidamide

MP: 150.9°-151.3° C,;

IR spectrum: (cm—1, KBr) 2180, 1590, 1550, 700;

NMR spectrum: (100 MHz, CDCIl3) &6 (ppm) 8.68
(1H, m), 8.50 (1H, s), 7.82 (1H, d, J=7.5Hz), 7.4-7.0
(11H), 6.54 (1H, br s), 4.00 (1H, t, 3=8.6Hz), 3.51 (2H,
q, J=8.6Hz), 2.43 (2H, q, J=8.6H2z);

10
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Elementary Analysis: C H N

Calculated: 77.62 5.92 16.46

Found: 77.60 5.92 16.43 (%)
(C22H20N4)

20

Example 1)-38

Preparation of
N-cyano-N'-(2-benzyloxy-2-phenylethyl)-3-

pyridinecarboximidamide hydrochloride (method 1) =

Isopropyl N-cyano-3-pyridinecarboximidate (0.20 g,
1.1 mmol) was dissolved in methanol (5 ml), and 2-ben-
zyloxy-2-phenylethylamine (0.26 g, 1.1 mmol) was
added. The mixture was stirred at room temperature for
3 hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure. The
residual concentrate thus obtained was subjected to
chromatography on a silica gel column (WAKO GEL
C-200, 20 g) eluting with chloroform-methanol (100:1).
The eluted fractions were concentrated under reduced
pressure to give N-cyano-N'-(2-benzyloxy-2-phenyle-
thyl)-3-pyridinecarboximidamide (0.24 g, 0.7 mmo],
yield: 64%) as colorless syrup. Next, to this syrup was
added a 5% hydrogen chloride in methanol (2 ml). The
solution was crystallized from methanol-diethyl ether
to give N-cyano-N'-(2-benzyloxy-2-phenylethyl)-3-
pyridinecarboximidamide hydrochloride as colorless
powder.

Physico-chemical properties of N-cyano-N'-(2-ben-
zyloxy-2-phenylethyl]-3-pyridinecarboximidamide hy-
drochloride

MP: 163.0°-165.5° C.;

IR spectrum: (cm—1, KBr) 2550, 2200, 1710, 1680;

NMR spectrum: (100 MHz, CDC13) & (ppm) 9.00
(2H), 8.60 (1H, d, J=8.3Hz), 8.19 (1H, m), 7.60-7.20
(11H), 482 (I1H, m), 442 (2H, m), 3.79 (2H, 4,
J=6.3Hz);
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Elementary Analysis: 33

C H N
Calculated: 67.26 3.13 14.26
Found: 67.07 4.90 13.97 (%)

(C29HoN4O.HCDH

Example 1)-39

Preparation of N-cyano-N'-[2-(3
,4-dibenzyloxyphenyl)ethyl]-3-pyridinecarboximida-
mide hydrochloride (method 1)

Isopropy! N-cyano-3-pyridinecarboximidate (0.25 g,
1.3 mmol) was dissolved in methanol (10 ml), and 3,4-

65
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(dibenzyloxy)phenethylamine hydrochloride (0.54 g,
1.5 mmol) and triethylamine (0.15 g, 1.5 mmol) were
added. The mixture was stirred at room temperature for
45 minutes. After the reaction was completed, the reac-
tion solution was concentrated under reduced pressure.
The residual concentrate thus obtained was extracted
with ethyl acetate (100 ml X 3). The ethyl acetate layer
was washed with water (100 ml), dried over anhydrous
sodium sulfate and concentrated under reduced pres-
sure. The residual concentrate was subjected to chro-
matography on a silica gel column (WAKO GEL C-
200, 50 g) eluting with chloroform-methanol (100:1).
The eluted fractions were concentrated under reduced
pressure to give N-cyano-N'-[2-(3,4-dibenzyloxy-
phenyl)ethyl]-3-pyridinecarboximidamide (0.13 g, 0.3
mmol, yield: 21%) as colorless syrup. Next, to this
syrup was added a 5% hydrogen chloride in methanol
(2 ml). The solution was crystallized from methanol-
diethyl ether to give N-cyano-N'-[2-(3,4-dibenzyloxy-
phenylethyl]-3-pyridinecarboximidamide hydrochlo-
ride as colorless powder.

Physico-chemical properties of N-cyano-N'-[2-(3,4-
dibenzyloxyphenyl)ethyl]-3-pyridinecarboximidamide
hydrochloride

MP: 84.8°-85.5° C.;

IR spectrum: (cm—1!, KBr) 3400, 2180, 1610, 1590,
1260, 700;

NMR spectrum: (100 MHz, CDCl;—CD30D) 6
(ppm) 8.90 (2H), 8.60 (1H, m) 8.06 (1H, m), 7.5 7.3
(10H), 7.0-6.7 (3H), 5.16 (4H, m), 3.75 2H, t, J=7.2H2z),
2.94 (2H, t, J=7.2Hz);

_Elementary Analysis:

C H N

Calculated: 69.80 5.45 11.23

Found: 70.01 5.48 11.25 (%)
(Ca9H26N4O2.HCI)

Example 1)-40

Preparation of
N-cyano-N'-3-(2,6-dimethoxypyridine)-3-pyridinecar-
boximidamide (method 1)

Isopropyl N-cyano-3-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 3-

- amino-2,6-dimethoxypynidine (0.45 g, 2.9 mmol) was

added. The mixture was stirred at room temperature for
2 hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure and
crystallized from methanol-diethyl ether to give the
title compound (0.35 g, 1.2 mmol, yield: 47%) as color-
less needles. |

Physico-chemical properties of N-cyano-N'-3-(2,6-
dimethoxypyridine)-3-pyndinecarboximidamide

MP: 162.5°-163.5° C.;

IR spectrum: (cm—!, KBr) 2180, 1580, 1550, 1490,
1470, 1390, 1330;

NMR spectrum: (100 MHz, CDCI3—CD30D) §
(ppm) 9.0-8 7 (2H, m), 8.3-7.9 (2H, m), 7.57 (1H, dd,
J=4.8, 7.9Hz), 6.40 (1H, d, J=8.9Hz), 4.02 (3H, s), 3.96
(3H, s);

Elementary Analysis:
C H N

59.36 4.63 24.72

Calculated:



5,166,347

59
-continued
__Elementary Analysis:
C H N
Found: 59.06 4.68 24.48 (9%)
(C14H | 3N507)

Example 1)-41

Preparation of
N-cyano-N’-(2-nitroxyethyl)-4-pyridinecarboximida-
mide (method 1)

a) 4 cyanopyridine (10.0 g, 96.1 mmol) was dissolved
in isopropanol (50 ml), and sodium hydride (0.23 g, 9.6
mmol) from which oily matters had been removed by
washing with ether was added. The mixture was stirred
at room temperature for 6 hours. After the reaction was
completed, the reaction solution was neutralized by
adding acetic acid (0.64 g, 10.7 mmol) and concentrated
under reduced pressure. To the residual concentrate
was added diethyl ether (50 ml). Insolubles were re-
moved by filtration, and the filtrate was concentrated
under reduced pressure. To this concentrate was added
hexane (80 ml), and deposited unreacted 4-cyanopyri-
dine was removed by filtration. The filtrate was concen-
trated under reduced pressure to give crude 1sopropyl
4-pyridinecarboximidate (11.0 g) as a pale yellow o1l.

Next, cyanamide (5.63 g, 133.9 mmol) and a phos-
phate buffer solution (pH 5.4, 60 ml) of Na,HPO4 (9.51
g, 67.0 mmol) and NaH,PO4.2H,0 (41.8 g, 267.9 mmol)
were added to the oil, and the mixture was stirred at
room temperature for 8 hours. After the reaction was
completed, the reaction solution was extracted with
dichloromethane (100 ml X 3), and the dichloromethane
layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The residual con-
centrate thus obtained was subjected to chromatogra-
phy on a silica gel column (WAKO GEL C-200, 200 g).
Eluting with hexane-diethyl ether (1:2) gave 1sopropyl
N-cyano-4-pyridinecarboximidate (11.2 g, 59.2 mmol,
yield: 62%) as pale yellow oil.

Physico-chemical properties of isopropyl N-cyano-4-
pyridinecarboximidate

IR spectrum: (cm—!, neat) 3250, 3000, 2250, 2200,
1620, 1590, 1380, 1310, 1100;

NMR spectrum: (100 MHz, CD3;0OD) 6 (ppm) 30
8.9-8.7, 8.0-7.7 (4H), 5.42 (1H, m, J=6.1Hz), 1.50 (6H,
d, J=6.1Hz).

b) Isopropyl N-cyano-4-pyridinecarboximidate (0.50
g, 2.6 mmol) was dissolved in methanol (10 ml), and
2-nitroxyethylamine nitrate (0.57 g, 2.9 mmol) and so-
dium methoxide (0.18 g, 2.9 mmol) were added. The
mixture was stirred at room temperature for 10 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residue
thus obtained was extracted with dichloromethane (50
ml X 3). The dichloromethane layer was dnied over
anhydrous sodium sulfate and concentrated under re-
duced pressure. The restdual concentrate was crystal-
lized from dichloromethane-diethyl ether to give the
title compound (0.37 g, 1.6 mmol, yield: 61%) as color-
less needles.

Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-4-pyridinecarboximidamide

MP: 102.5°-103.0° C,;

IR spectrum: (cm—!, KBr) 2180, 1640, 1580, 1540,
1290, 1280;
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NMR spectrum: (100 MHz, CDC13) & (ppm) 8.72
(2H, s), 7.48 (2H, s), 4.70 (2H, s), 3.80 (2H, s);

Elementary Analysis:

C H N
Calculated: 45.96 3.86 29.78
Found: 45.68 3.64 29.99 (%)
(CoHgNs503)

Example 1)-42

Preparation of
N-cyano-N'-(3-nitroxypropyl)-4-pyridinecarboximida-
mide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 3-
nitroxypropylamine nitrate (0.53 g, 2.9 mmol) and so-
dium methoxide (0.22 g, 4.1 mmol) were added. The
mixture was stirred at room temperature for 18 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate was extracted with chloroform (50 mlX3).
The chloroform layer was washed with water (100 mi),
dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The residual concentrate was
subjected to chromatography on a silica gel column
(WAKO GEL C-200, 50 g) eluting with chloroform-
methanol (60:1). The eluted fractions were concen-
trated under reduced pressure and crystallized from
methanol-diethyl ether to give the title compound (0.27
g, 1.08 mmol, yield: 41%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(3-
nitroxypropyl)-4-pyridinecarboximidamide

MP: 112.5°-112.8° C,;

IR spectrum: (cm—1, KBr) 2180, 1600, 1280; |

NMR spectrum: (500 MHz, CDCl3—CD3;0OD) &
(ppm) 8.75 (2H, dd, J=1.6, 4.4Hz), 7.54 (2H, dd, J=1.6,
4.4Hz), 4.57 (2H, t, J=6.0Hz), 3.59 (2H, t, J=6.0Hz),
2.13 (2H, quint, J=6.0Hz);

Elementary Analysis:

C H N
Calculated: 48.19 4.45 28.10
Found: 48.01 4,33 27.91 (%)
(C1o0H11N503)

Example 1)-43

Preparation of N
cyano-N'-phenyl-4-pyridinecarboximidamide (method
1) |

Isopropyl N-cyano-4-pynidinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (5 ml), and aniline
(0.27 g, 2.9 mmol) dissolved in methanol (5 ml) was
added. The mixture was stirred at room temperature for
20 minutes. After the reaction was completed, the reac-
tion solution was concentrated under reduced pressure.
The residual concentrate was subjected to chromatog-
raphy on a silica gel column (WAKO GEL C-200, 40
g}. Elution with chloroform-methanol (100:1) gave the
object compound, which was further crystallized from
methanol-diethyl ether to give N-cyano-N'-phenyl-4-
pyridinecarboximidamide (0.32 g, 1.4 mmol, yield:
54%) as colorless needles.
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Physico-chemical properties of
N-cyano-N’-phenyl-4-pyridinecarboximidamide

MP: 220°-222° C..

IR spectrum: (cm—1, KBr) 3060,
1530, 1450;

NMR spectrum: (100 MHz, CDCl3—CD;0D) &
(ppm) 8.80 (2H, brs), 7.8-7.5 (4H, m), 7.42 (2H, brs),
7.27 (1H, brs);

__Elementary Analysis:

C H N
Calculated: 70.26 4.54 25.21
Found: 70.50 4.54 25.14 (%)
(C13H10N4)

Example 1)-44

Preparation of
N-cyano-N’-(3,4-dichlorobenzyl)-4-pyridinecarbox-
imidamide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissoived in methanol (10 ml), and 3,4-
dichlorobenzylamine (0.52 g, 3.0 mmol) was added. The
mixture was stirred at room temperature for 3 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure. The residual
concentrate was crystallized from methanol-diethyl
ether to give the title compound (0.42 g, 1.4 mmol,
yield: 529%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(3,4-
dichlorobenzyl)-4-pyndinecarboximidamide

MP: 164.8°-165.2° C,;

IR spectrum: (cm—1, KBr) 2190, 1590;

NMR spectrum: (500 MHz, CDCl;—CD30D) o
(ppm) 8.74 (2H, dd, J=1.8, 5.8Hz), 7.52 (2H, dd, J=1.8,
5.8Hz}, 7.46 (1H, d, J=2.2Hz), 7.45 (1H, d, J=8.2H2),
7.23 (1H, dd, J=2.2, 8.2Hz), 4.59 (2H, s);

Elementary Analysts:
C H N
Calculated: 55.10 3.30 18.36
Found: 55.02 3.19 18.23 (%)

(C14H10N4Cly)

Example 1)-45

Preparation of N-cyano-N'-(4-methylthiobenzyl)-4-
pyridinecarboximidamide (method 1)

Isopropyl N-cyano 4-pyridinecarboximidate (0.40 g,
2.1 mmol) was dissolved in methanol (15 ml), and 4-
methylthiobenzylamine hydrochloride (0.60 g, 3.2
mmol} and trniethylamine (0.43 g, 4.2 mmol) were added.

The mixture was stirred at room temperature for 1 hour.
After the reaction was completed, the reaction solution
was then concentrated under reduced pressure. The
residual concentrate was extracted with ethyl acetate
(50 mlX3). The ethyl acetate layer was washed with
water (100 ml), dried over anhydrous sodium sulfate
and concentrated under reduced pressure. The residual
concentrate was crystailized from methanol-diethyl
ether to give the title compound (0.29 g, 1.0 mmol,
yield: 499%) as colorless crystals.

Physico-chemical properties of N-cyano N'-(4-
methyithiobenzyl)-4-pyridinecarboximidamide

MP: 165.5°-166.8° C.;
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IR spectrum: (cm—!, KBr) 2180, 1580;
NMR spectrum: (500 MHz, CDCl3—CD3;0D) o
(ppm) 8.72 (2H, dd, J=2.0, 4.4Hz), 7.52 (2H, dd, J=2.0,
4.4Hz), 7.30 (2H, d, J=8.2Hz), 7.26 (2H, d, J=8.2Hz),

2180, 1610, 1580, 5 459 (2H, 5), 2.50 (3H, s);

Elementary Analysis:
C H N
Calculated: 63.81 5.00 19.84
Found: 63.69 5.19 19.66 (%)
(C15H14N4S)

Example 1)-46

Preparation of
N-cyano-N'-(3-benzyloxybenzyl)-4-pyridinecarbox-
imidamide (method 1) |

Isopropyl N-cyano-4-pyridinecarboximidate (0.30 g,
1.6 mmol) was dissolved in methanol (10 ml), and 3-ben-
zyloxybenzylamine (0.42 g, 2.0 mmol) was added. The
mixture was stirred at room temperature for 2 hours.
After the reaction was completed, the reaction solution
was then concentrated under reduced pressure. The
residual concentrate was crystallized from methanol-
diethyl ether to give the title compound (0.26 g, 0.8
mmol, yield: 489%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(3-ben-
zyloxybenzyl)-4-pyridinecarboximidamide

MP: 123.8°-124.0° C.;

IR spectrum: (cm—!, KBr) 2190, 1580;

NMR spectrum: (500 MHz, CDC13) 6 (ppm) 8.69
(2H, dd, J=1.4, 5.0Hz), 7.50-7.25 (8H), 7.00-6.90 (3H),
6.80 (1H, brs), 5.09 (2H, s), 4.60 (2H, d, J=6.0Hz);

Elementary Analysis:

C H N
Calculated: 73.67 5.30 16.36
Found: 73.55 5.40 16.31 (%)
(C21H18N4O)

Example 1)-47

Preparation of
N-cyano-N'-[2-(4-chlorophenyl)ethyl]-4-pyridinecar-
boximidamide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.5 g,
2.6 mmol) was dissolved in methanol (5 ml), and 2-(4

chlorophenyl)ethylamine (0.46 g, 3.0 mmol) having
been diluted with methanol (§ ml) was added. The mix-

ture was stirred at room temperature for 40 minutes.
After the reaction was completed, the reaction solution
was then concentrated under reduced pressure. The
residual concentrate was further crystallized from me-
thanol-diethyl ether to give the title compound (0.44 g,
1.5 mmol, yield: 58%) as colorless needles.

Physico-chemical properties of N-cyano-N'-[2-(4-
chlorophenyl)ethyl}-4-pyridinecarboximidamide

MP: 164.0°-165.2° C;

IR spectrum: (cm—1, KBr) 2180, 1590, 1540, 1500;

NMR spectrum: (100 MHz, CDCl3) 6 (ppm) 8.68
(2H, m), 7.4-7.1 (6H), 6.56 (1H, brs), 3.74 (2H, q,
J=6.8Hz), 2.97 (2H, t, J=6.8Hz)
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_Elementary Analysis: Elementary Analysis:
C H N C H N
Calculated: 63.27 4.60 19.68 5 Calculated: 63.81 5.00 19.84
Found: 63.02 4.66 19.56 (%) Found: 63.80 4,89 19.71 (%)
(C15H13N4Cl) (C15H1aN4S)
Example 1) 48 0 Example 1)-50

Preparation of
N-cyano-N'-[2-(2-methoxyphenyl)ethyl}-4-pyridinecar-
boximidamide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (10 ml), and 2-(2-
methoxyphenyl)ethylamine (0.44 g, 2.9 mmol) was
added. The mixture was stirred at room temperature for
1 hour. After the reaction was completed, the reaction
solution was concentrated under reduced pressure. The
residual concentrate was subjected to chromatography
on a silica gel column (WAKO GEL C-200, 40 g) elut-
ing with chloroform-methanol (100:1). The eluted frac-
tions were concentrated under reduced pressure and
crystallized from chloroform-diethyl ether to give the
title compound (0.45 g, 1.6 mmol, yield: 61%) as color-
less crystals.

Physico-chemical properties of N-cyano-N'-[2-(2-
methoxyphenyl)ethyl]-4-pyridinecarboximidamide

MP: 141.2°-141.5° C,;

IR spectrum: (cm—!, KBr) 2190, 1580;

NMR spectrum: (500 MHz, CDCI13) 6 (ppm) 8.78
(2H, d, J=5.4Hz), 7.39 QH, d, J=5.4Hz), 7.28 (1H, t,
J=7.1Hz), 7.18 (1H, d4, J=7.1Hz), 6.97 (1H, t,
J=7.1Hz), 691 (1H, d, J=7.1Hz), 6.66 (1H, brs), 3.80
(3H, s), 3.72 (2H, m), 3.01 (2H, t, J=T7.1Hz);

__Elementary Analysis:

C H N
Calculated: 68.55 5.75 19.99
Found: 68.46 5.49 19.71 (%)
(Ci16H16N40)

Example 1)-49

- Preparation of
N-cyano-N'-(2-phenylthioethyl)-4-pyridinecarbox-
imidamide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.50 g,
2.6 mmol) was dissolved in methanol (5 ml), and 2-
phenylthioethylamine (0.49 g, 3.2 mmol) was added.
The mixture was stirred at room temperature for 2
hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure, and
the residual concentrate was subjected to chromatogra-
phy on a silica gel column (WAKO GEL C-200, 10 g)
eluting with chloroform-methanol (50:1). The eluted
fractions were concentrated under reduced pressure
and crystallized from diethyl ether to give the title
compound (0.49 g, 1.7

Physico-chemical properties of N-cyano-N'-(2-
phenylthioethyl)-4-pyridinecarboximidamide

MP: 114.0°-114.3° C,;

IR spectrum: (cm—1, KBr) 2190, 1590;

NMR spectrum: (500 MHz, CDC13) 6 (ppm) 8.73
(2H, dd, J=1.5, 4.6Hz), 7.42-7.23 (8H), 3.71 (2H, t,
J=6.2Hz), 3.23 (2H, t, J=6.2Hz)
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Preparation of N-cyano-N'-[2-(4-nitrophenyl)
2-nitroxyethyl]-4-pyridinecarboximidamide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.22 g,
1.2 mmol) was dissolved in methanol (10 ml), and 2-(4-
nitrophenyl)-2-nitroxyethylamine nitrate (0.40 g, 1.4
mmol) and sodium methoxide (0.14 g, 2.6 mmol) were
added. The mixture was stirred at room temperature for
16 hours. After the reaction was completed, the reac-
tion solution was concentrated under reduced pressure,
and the residue was extracted with chloroform (50
ml X 3). The chloroform layer was washed with water
(100 ml), dried over anhydrous sodium sulfate and con-
centrated under reduced pressure. The residual concen-
trate thus obtained was subjected to chromatography
on a silica gel column (WAKO GEL C-200, 30 g) elut-
ing with chloroform-methanol (50:1). The eluted frac-
tions were concentrated under reduced pressure and
crystallized from methanol-diethyl ether to give the
title compound (0.13 g, 0.4 mmol, yield: 31%) as color-
less crystals.

Physico-chemical properties of N-cyano-N'-[2-(4-
nitrophenyl)-2-nitroxyethyl]-4-pyridinecarboximida-
mide

MP: 127.5°~129.0° C;

IR spectrum: (cm—1, KBr) 2190, 1640, 1590, 1530,
1350;

NMR spectrum: (500 MHz, CDCl3—CD30D) o6
(ppm) 8.78 (2H, d, J=4.4Hz), 8.33 (2H, d, J=8.4Hz),
7.68 (2H, d, J=8.4Hz), 7.52 (2H, d, J=4.4Hz), 6.31 (1H,
dd, J=3.8, 9.4Hz), 3.80 (2H, m);

Elementary Analysis:

C H N
Calculated: 50.57 3.39 23.59
Found: 50.46 3.58 23.36 (%)

(C15H12NgOs)

Example 1)-51

Preparation of
N-cyano-N’-[1-methyl-2-(4-nitrophenyl)-2-nitroxye-
thyl]-4-pyridinecarboximidamide (method 1)

Isopropyl N-cyano-4-pyridinecarboximidate (0.31 g,
1.6 mmol) was dissolved in methanol (15 ml), and 1-
methyl-2-(4-nitrophenyl)-2-nitroxyethylamine nitrate
(0.50 g, 1.8 mmol) and sodium methoxide (0.09 g, 1.7
mmol) were added. The mixture was stirred at room
temperature for 16 hours. After the reaction was com-
pleted, the reaction solution was concentrated under
reduced pressure, and the residue was extracted with
chloroform (50 mlXx3). The chloroform layer was
washed with water (100 ml), drnied over anhydrous
sodium sulfate and concentrated under reduced pres-
sure. The residue thus obtained was subjected to chro-
matography on a silica gel column (WAKO GEL C-
200, 30 g) eluting with chloroform-methanol (60:1). The
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eluted fractions were concentrated under reduced pres-
sure and crystallized from diethyl ether to give the title
compound (0.03 g, 0.08 mmol, yield: 5%) as colorless
crystals. |

Physico-chemical properties of N-cyano-N'-[1-meth- 5
yl-2-(4-nitrophenyl)-2-nitroxyethyl}-4-pyridinecarbox-
imidamide

MP: 153.0°-153.1° C.;

IR spectrum: (cm—3, KBr) 2200, 1650, 1580, 1530,
1350, 1290;

NMR spectrum: (500 MHz, CDCl:—CD3;0D) &
(ppm) 8.77 (2H, d, J=5.9Hz), 8.35 (2H, d, J=8.9Hz),
7.69 (2H, d, J=8.9Hz), 7.49 (2H, d, J=5.9Hz), 1.32 (3H,
d, J=9.4Hz),

10

15

Elementary Anal}'sih:

C H N
Caiculated: 51.89 3.80 22.69
Found: 51.62 3.99 22.57 (9¢)

(Ci16H14NO5) | 20

Example 1)-52

Preparation of
N-cyano-N'-(2-nitroxyethyl)-3-(6-chloropyridine)car-
boximidamide (method 1)

25

a) 6-chloro-3-cyanopyridine (3.63 g, 26.2 mmol) was
suspended in isopropanol (40 ml), and sodium hydride
(0.1 g, 4.2 mmol) from which oily matters had been
removed by washing with ether was added. The mix-
ture was stirred at room temperature for 18 hours. After
the reaction was completed, the reaction solution was
neutralized by adding acetic acid (0.27 g, 4.5 mmol) and
then concentrated under reduced pressure. The residual
concentrate was diluted with ether (100 ml), and ether
insolubles were removed by filtration. The filtrate was
concentrated under reduced pressure. The residual con-
centrate was diluted with hexane (100 ml), and the de-
posited unreacted 6-chloro-3-cyanopyridine was re-
moved by filtration. The filtrate was concentrated
under reduced pressure to give the crude product of
isopropyl 3-(6-chloropyridine)carboximidate (1.88 g) as
colorless oil. Next, to this oil were added cyanamide
(0.80 g, 19.0 mmol) and a phosphate buffer (pH 5.4, 60
ml) of Na;HPO4(1.34 g, 9.4 mmol) and NaH;PO4.2H,0
(5.90 g, 37.8 mmol), and the mixture was stirred at room
temperature for 24 hours. After the reaction was com-
pleted, the reaction solution was extracted with dichlo-
romethane (100 ml X 4), and the dichloromethane layer
was dried over anhydrous sodium sulfate and concen-
trated under reduced pressure. The residue thus ob-
tained was subjected to chromatography on a silica gel
column (WAKQO GEL C-200, 70 g, eluting with hex-
ane-dichloromethane-methanol (50:50:1). The eluted
fractions were concentrated under reduced pressure to
give isopropyl N-cyano-3-(6-chloropyridine)carboximi-
date (0.83 g, 3.7 mmol, yield: 14%) as colorless syrup.

Physico-chemical properties of isopropy! N-cyano-3-
(6-chloropyridine)carboximidate

IR spectrum: (cm—!, neat) 2200, 1610, 1580, 1310,
1110;

NMR spectrum: (100 MHz, CDCl3;—CD3;0D) o
(ppm) 9.13 (1H, d, J=3.0Hz), 8.61 (l1H, dd, J=3.0,
8.6Hz), 7.52 (1H, d, J=8.6Hz), 5.43 (1H, m, J=6.1Hz),
1.49 (6H, d, J=6.1Hz).

b) Isopropyl N-cyano-3-(6 -chloropyridine)carbox-
imidate (0.20 g, 0.9 mmol) was dissolved in methanol (8
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ml), and 2-nitroxyethylamine nitrate (0.23 g, 1.4 mmol)
and sodium methoxide (0.1 g, 1.9 mmol) were added.
The mixture was stirred at room temperature for 5
hours. After the reaction was completed, the reaction
solution was concentrated under reduced pressure. The
residue thus obtained was extracted with chloroform
(50 mlX3). The chloroform layer was washed with
water (100 ml), dried over anhydrous sodium sulfate
and concentrated under reduced pressure. The residual
concentrate was subjected to chromatography on a
silica gel column (WAKO GEL C-200, 25 g) eluting
with chloroform-methanol (50:1). The eluted fractions
were concentrated under reduced pressure and crystal-
lized from diethyl ether to give the title compound (0.04
g, 0.1 mmol, yield: 17%) as colorless crystals.
Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-3-(6-chloropyridine)carboximidamide
MP: 139.0°-140.5° C;
IR spectrum: (cm—!, KBr) 2180, 1630, 1580, 1280;
NMR spectrum: (500 MHz, CD3;0OD) 6 (ppm) 8.62
(1H, d, J=3.0Hz), 8.08 (1H, dd, J=3.0, 9.1Hz), 7.65
(1H, d, J=9.1Hz), 475 (2H, t, J=7.1Hz), 3.86 (2H, t,
J=7.1Hz);

Elementary Analvsis:
C H N
Calculated: 40.09 2.99 25.97
Found: 39.95 2.88 25.69 (%)

(CoHaNsO:Ch

Example 1)-53

Preparation of
N-cyano-N'-(2-phenylethyl)-3-(6-chloropyridine)car-
boximidamide (method 1)

Isopropyl N-cyano-3-(6-chloropyridine)carboximi-
date (0.30 g, 1.3 mmol) was dissolved in methanol (8
ml), and 2-phenylethylamine (0.18 g, 1.5 mmol) was
added. The mixture was stirred at room temperature for
30 minutes. After the reaction was completed, the reac-
tion solution was concentrated under reduced pressure,
and the residue was crystallized from diethyl ether to
give the title compound (0.24 g, 0.8 mmol, yield: 63%)
as colorless crystals.

Physico-chemical properties of N-cyano-N’-(2-
phenylethyl)-3-(6-chloropyridine)carboximidamide

MP: 168.8°-169.0° C.;

IR spectrum: (cm—!, KBr) 2180, 1590;

NMR spectrum: (500 MHz, CD3;0D) 6 (ppm) 8.47
(1H, d, J=3.0Hz), 7.96 (1H, dd, J=3.0, 9.3Hz), 7.61
(1H, d, J=93Hz), 7.36-7.20 (SH), 3.72 (2H, t
J=7.2Hz), 2.99 (2H, t, J=7.2Hz)

Elementary Analysis:
C H N
Calculated: 63.27 4.60 19.68
Found: 63.25 4.38 19.37 (%)

(C15H13N4Cl)

Example 1) 54

Preparation of N-cyano-N'-benzyl-3
-pyridinecarboximidamide (method it)

a) N-benzylnicotinamide (1.0 g, 4.7 mmol) was dis-
solved in toluene (90 ml). Lawesson’s reagent (2.3 g, 5.7
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mmol) was added, and the mixture was heated under
reflux in argon stream for 3 hours. After the reaction
was completed, the reaction mixture was cooled to
room temperature and concentrated under reduced
pressure. The concentrate thus obtained was extracted
with a 2N aqueous hydrochloric acid solution (200
ml X 3), and the aqueous layer was washed with chloro-
form (500 ml). After washing, the aqueous hydrochloric
acid layer was neutralized with NaOH and extracted
with chloroform (200 miX3). The chloroform layer
was dried over anhydrous sodium sulfate and concen-
trated under reduced pressure. The concentrate was
further crystallized from chloroform-hexane to give
N-benzylnicotinethioamide (0.83 g, 3.6 mmol, yield:
77%) as pale yellow needles.

Physico-chemical properties of N-benzylnicotinethi-
oamide

MP: 136.0°-136.5° C;

IR spectrum: (cm—!, KBr) 3170, 1540, 1420, 1390,
1340, 760, 700,

NMR spectrum: (100 MHz, CDC13) 6 (ppm) 8.81
(1H, brs), 8.57 (1H, d, J=4.1Hz), 8.14 (1H, dt, J=2.7,
10.0Hz), 8.00 (1H, brs), 7.40 (SH, s), 7.35 (1H, m), 5.00
(2H, d, J=6.2Hz);

b) N-benzylnicotinethioamide (0.5 g, 2.2 mmol) was
dissolved in acetonitrile (20 ml), and phosphorus oxy-
chloride (0.4 g, 2.6 mmol) was added. The mixture was
stirred at room temperature for 9 hours. Cyanamide
(0.92 g, 21.9 mmol) and triethylamine (0.27 g, 2.6 mmol)
were added, and the mixture was heated under reflux in
argon stream for 4 hours. After the reaction was com-
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pleted, the reaction solution was concentrated under

reduced pressure. Chloroform (50 ml) was added to the
residual concentrate, and insolubles were removed by
filtration. The filtrate was concentrated under reduced
pressure. The concentrate thus obtained was subjected
to chromatography on a silica gel column (WAKO
GEL C-200, 30 g). Elution with chloroform-methanol
(100:1) gave the title compound, which was further
crystallized from methanol-diethyl ether to give N-
cyano-N'-benzyl-3-pyridinecarboximidamide (0.085 g,
0.3 mmol, yield: 16%) as colorless needles.

Physico-chemical properties including mp, IR spec-
trum and

NMR spectrum of the crystal thus obtained well
accorded with those obtained in

Example 1)-17.
Example 1)-55

(Tablet/formulation in one tablet)

Compound of the present invention 2 mg
Lactose 75.5
Corn starch 18
Talc 4
Magnesium stearate 0.5
Total 100 mg

Components set forth above are blended and pressed
into a tablet.

Example 1)-56

(Capsule/formulation in one capsule)

Compound of the present invention 5 mg
Lactose 94
Magnesium stearate ]
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-continued

(Capsule/formulation in one capsule)

Total 10C mg

Components set forth above are blended and pressed
into a capsule.

Example 1)-57

(Injection/formulation in one vial)

Compound of the present invention | mg
Maltose 25 mg
Distilled water for injection q.v.
Total 2 mg

Components set forth above are blended, filtrated and
then charged-into a vial. They are lyophilized in a usual
manner and stoppered to make an injection.

2) Compounds Represented by the Formula (I')
Referential Example 2)-1
Vasorelaxing effect on the isolated rat aortae
(1) Method

The compounds of the present invention were tested
for their physiological activities by measuring the ten-
sion of isolated rat aortae isometrically.

Thoracic aortae obtained from male Wistar rats
(weighing 250-350 g) were cut into ring segments about
3 mm long. The ring preparation was placed in an organ
bath filled with 10 ml of Krebs-Ringer solution which
was maintained at 37° C. and gassed with 95% 07-5%
CO».

The preparation in the organ bath was allowed to
equilibrate under resting tension 1 g. After equilibration
period, the solution in the organ bath was replaced with
an 1sotonic solution containing 40 mM KCl to contract
the preparation. *

After the contraction induced by KCl had reached
plateay, the concentration-response relationship for the
test compound was determined by means of cumulative
addition.

The relaxation response of the test compounds was
expressed as the percent inhibition of the contraction
induced by KCl, and the ICsg value, which 1s a concen-
tration required for inhibiting the contraction induced
by KCIl to an extent of 50%, was calculated by the
Probit method from the concentration-response curve.

(2) Results

The ICsp values of the test compounds are shown in
the following table. |

Test Compound No. ICsp Value (M)
(59) 2.4 X 107
(60) 6.1 X 10—°
(61) 53 X 10—3
(62) 2.6 X 105
(63) 1.8 x 10~3
(64) 8.0 x 10—
(65) 9.4 % 10—
(66) 9.6 X 10—
(67) 1.9 x 10—7
(68) 9.2 X 10—3
(69) 4.0 X 10—
(70) 4.3 x 10—
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Referential Example 2)-2

Hypotensive effect on spontaneous hypertensive rats
(intravenously)

(1) Method

The hypotensive effects of the compounds of the
present invention [test compounds: N-cyano-N'-(2-
nitroxyethyl)-2-furancarboximidamide (compound (62))
and N-cyano-N'-(2-nitroxyethyl)-2-thiophenecarbox-
imidamide (compound (66))] were observed in male
spontaneous hypertensive rates (SHR).

Rats were anesthetized with urethane-a-chioralose (1
g/kg-25 mg/kg; intraperitoneally). Mean blood pres-
sure was measured by a pressure transducer through a
cannula mnserted into the carotid artery. The compound
was cumulatively administered every 30 minutes
through the canulla inserted into the jagular vein. The
change in blood pressure was expressed as percent of
the blood pressure before the administration of the com-
pound. And the EDjp value, which was the dose re-

quired for decreasing blood pressure to an extent of

20%, was caiculated from the dose-response curve.

(2) Results

The EDjg values of the test compounds are shown 1n
the following table.

Compound No. ED7g (mg/kg, 1.v.)
(62) 0.025
(66) 0.115

1.v.: intravenously.

Example 2)-1

Preparation of
N-cyano-N'-(2-nitroxyethyl)-3-quinolinecarboximida-
mide

a) 3-cyanoquinoline (1.58 g, 10.2 mmol) was dissolved
in methanol (20 ml), and sodium methoxide (0.06 g, 1.1
mmol) was added. The reaction was conducted at room
temperature for 22 hours. After the reaction was com-
pleted, acetic acid (0.07 g, 1.1 mmol) was added to
neutralize the reaction solution, and the solution was

concentrated under reduced pressure. Diethyl ether (60
ml) was added to the concentrated residue, and insolu-

bles were removed by filtration. The filtrate was con-
centrated under reduced pressure to give the crude
product of methyl 3-quinolinecarboximidate.

Next, cyanamide (0.84 g, 20 mmol) and a phosphate
buffer (pH 5.4, 10 ml) of Na;HPO4 (1.42 g, 10 mmol)
and NaH;PO4.2H»>0 (6.24 g, 40 mmol) were added, and
the mixture was stirred at room temperature for 6 hours.
After reaction was completed, insolubles in the reaction
mixture were removed by filtration, and the filtrate was
extracted with dichloromethane (50 mlX3), and the
dichloromethane layer was washed with saturated sa-
line, dried over anhydrous sodium sulfate and then
concentrated under reduced pressure. The residue thus
obtained was subjected to chromatography on a silica
gel column (WAKO GEL C-200, 25 g) eluting with
dichloromethane-hexane (3:2). The eluted fractions
were concentrated under reduced pressure, crystallized
from diethyl ether to give methyl N-cyano-3-
quinolinecarboximidate (1.14 g, 5.4 mmol, yield: 53%)
as pale brown crystals.
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Physico-l:hemica] properties of methyl N-cyano-3-
quinolinecarboximidate

MP: 113.5°-113.8° C,;

IR spectrum: (cm—!, KBr) 2190, 1610, 1310;

NMR spectrum: (500 MHz, CDC13) & (ppm) 9.35
(1H, d, J=2.6Hz), 9.17 (1H, d, J=2.6Hz), 8.17 (1H, d,
J=8.0Hz), 8.00 (1H, d, J=8.0Hz), 7.90 (1H, dt, J=1.8,
8.0Hz), 7.68 (1H, t, J=8.0Hz), 4.18 (3H, s);

Elementary Analysis:
C H N
Calculated: 68.24 4.29 19.89
Found: 68.01 4.23 19.67 (%)
(C12H9N30)

b) Methyl N-cyano-3-quinolinecarboximidate (0.32 g,
1.5 mmol) was dissolved in methanol (3 ml), 2-nitroxye-
thylamine nitrate (0.42 g, 2.5 mmol) and sodium meth-
oxide (0.12 g, 2.2 mmol) were added. The mixture was
stirred at room temperature for 18 hours. After the
reaction was completed, the reaction solution was con-
centrated under reduced pressure, and the residue thus
obtained was subjected to chromatography on a silica
gel column (WAKO GEL C-200, 30 g) eluting with
dichloromethane-methanol (50:1). The eluted fractions
were concentrated under reduced pressure and crystal-
lized from dichloromethane-diethyl ether to give the
title compound (0.23 g, 0.80 mmol, yield: 54%) as color-
less crystals.

‘Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-3-quinolinecarboximidamide

MP: 126.5°-127.0° C,;

IR spectrum: (cm—!, KBr) 2190, 1620, 1580, 1560,
1280; |

NMR spectrum: (500 MHz, CD3;0D) ¢ (ppm) 9.05
(1H, s), 8.71 (1H, s), 8.13 (1H, d, J=8.0Hz), 8.10 (1H, d,

J=80Hz), 793 (IH, t, J=7.7THz), 7.74 (1H, t,
J=7.7THz), 4.80 (2H, t, J=5.7Hz), 3.92 (2H, t,
J=5.7THz);
__Elementary Analysis:
C H N
Calculated: 54.74 2.46 24.55
Found: 54.66 2.34. 24.29 (%)
(C13H)1N503)
Example 2)-2
Preparation of
N-cyano-N'-(2-phenylethyl)-3-quinoline-carboximida-
mide |
Methyl N-cyano-3-quinolinecarboximidate (0.32 g,
1.5 mmol) was dissolved in methanol (3 ml), 2-phenyle-

thylamine (0.20 g, 1.65 mmol) was added. The mixture
was stirred at room temperature for 30 minutes. After
the reaction was completed, the reaction solution was
concentrated under reduced pressure, and the residue
thus obtained was crystallized from diethyl ether to
give the title compound (0.41 g, 1.36 mmol, yield: 919%)
as pale yellow crystals. |

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-3-quinolinecarboximidamide

MP: 165.0°-167.0° C,;

IR spectrum: (cm—1, KBr) 2190, 1580, 1560;

NMR spectrum: (500 MHz, CDCIl3) 6 (ppm) 8.84
(1H, s), 8.47 (1H, s), 8.11 (1H, d, J=8.5Hz), 7.90 (1H, d,
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J=86H2), 7.84 (1H, t, J=7.3Hz), 7.65 (1H, t,
J=8.0Hz), 7.37 (2H, t, J=7.3Hz), 7.32-7.25 (3H), 6.05
(1H, brs), 3.87 (2H, dd, J=6.7, 12.8Hz), 3.06 (2H, t,
J=6.7Hz);

Elementary Analysis:

C H N
Calculated: 75.98 5.37 18.65
Found: 75.86 5.32 18.42 (%) 10
(C19H16N4)
Example 2)-3
Preparation of 15
N-cyano-N'-(2-nitroxyethyl)pyrazinecarboximidamide
a) Cyanopyrazine (5.26 g, 50 mmol) was dissolved in
methanol (40 ml), and sodium methoxide (0.27 g, 5.0
mmol) was added. The reaction mixture was stirred at
20

room temperature for 45 minutes. After the reaction
was completed, acetic acid (0.33 g, 5.5 mmol) was
added to neutralize the reaction solution, and the solu-
tion was concentrated under reduced pressure. Dichlo-
romethane (50 ml) and diethyl ether (50 ml) were added
to the concentrated residue, and insolubles were re-
moved by filtration. The filtrate was concentrated
under reduced pressure to give the crude product of
methyl pyrazinecarboximidate (6.87 g) as colorless
powder. |

Next, cyanamide (3.15 g, 75 mmol) and a phosphate
buffer (pH 5.4, 40 ml) of NaHPO4 (7.10 g, 50 mmol)
and NaHzPQO4.2H,0 (31.22 g, 200 mmol) were added,
and the mixture was stirred at room temperature for 48
hours. After the reaction was completed, the reaction
solution was extracted with dichloromethane (100
mlx4), and the dichloromethane layer was washed
with saturated saline (300 ml), dried over anhydrous
sodium sulfate and then concentrated under reduced
pressure. The residue thus obtained was crystallized
from diethyl ether to give methyl N-cyanopyrazinecat-
boximidate (4.53 g, 27.9 mmol, yield: 56%) as colorless
crystals.

25

30

35

Physico-chemical properties of methyl N-
cyanopyrazinecarboximidate
MP: 47.5°-49.0° C.; 45

IR spectrum: (cm—1, KBr) 2190, 1630, 1330;
NMR spectrum: (500 MHz, CDC13) & (ppm) 9.33
(1H, s), 8.78 (1H, d, J=2.2Hz), 8.74 (1H, brs), 4.07 (3H,

S);

50
__Elementary Analysis:
C H N
Calculated: 51.85 3.73 34.55
Found: 51.71 3.69 34.29 (%) 55
(C7HeN4O)

b) Methyl N-cyanopyrazinecarboximidate (0.49 g, 3.0
mmol) was dissolved in methanol (6 ml), 2-nitroxye-
thylamine nitrate (1.01 g, 6.0 mmol) and triethylamine
(1.01 g, 10.0 mmol) were added. The mixture was
stirred at room temperature for 46 hours. After the
reaction was completed, the reaction solution was con-
centrated under reduced pressure, and the residue thus
obtained was subjected to chromatography on a silica
gel column (WAKQO GEL C 200, 30 g) eluting with
chloroform-methanol (300:1). The eluted fractions were
concentrated under reduced pressure and crystallized
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from diethyl ether to give the title compound (0.18 g,
0.78 mmol, yield: 26%) as colorless crystals.
Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)pyrazinecarboximidamide
MP: 102.8°-103.0° C.;
IR spectrum: (cm—1, KBr) 2180, 1630, 1620, 1290;
NMR spectrum: (500 MHz, CDCIi3) 6 (ppm) 9.83
(1H, brs), 8.88 (1H, s), 8.64 (1H, s), 8.28 (1H, brs), 4.78
(2H, t, J=4.9Hz), 4.15 (2H, brs);

Elementary Analysis:

C H N
Calculated: 40.68 3.41 35,58
Found: 40.66 3.27 35.30 (%)
(CgHgNgO3)

Example 2)-4

Preparation of
N-cyano-N’-(2-nitroxyethyl)-2-furancarboximidamide

a) 2-Cyanofuran (4.50 g, 48.3 mmol) was dissolved 1n
methanol (25 ml), and sodium methoxide (130 mg, 2.4
mmol) was added under ice-cooling. The mixture was
stirred while the temperature is slowly ratsed up to
room temperature for 2 hours. After the reaction was
completed, acetic acid (0.16 g, 2.6 mmol) was added to
neutralize the reaction solution, and the solution was
concentrated under reduced pressure. Diethyl ether
(100 ml) was added to the concentrated residue, and
insolubles were removed by filtration. The filtrate was
concentrated under reduced pressure to give the crude
product of methyl 2-furancarboximidate (6.0 g) as a pale
yellow oil.

Next, cyanamide (4.06 g, 96.6 mmol) and a phosphate
buffer (pH 6.0, 30 ml) of NayHPO4 (6.86 g, 48.3 mmol)
and NaH,PO4.2H,0 (15.08 g, 96.6 mmol) were added,
and the mixture was stirred at room temperature for 24
hours. After the reaction was completed, the reaction
solution was extracted with dichloromethane (70
ml X 4), and the dichloromethane layer was dried over
anhydrous sodium sulfate and then concentrated under
reduced pressure. The residue thus obtained was crys-
tallized from diisopropy! ether-hexane to give methyl
N-cyano-2-furancarboximidate (4.83 g, 32.2 mmol,
yield: 67%) as colorless crystals.

Physico-chemical properties of methyl N-cyano-2-
furancarboximidate

MP: 58.5°-59.2° C,;

IR spectrum: {cm—1, KBr) 2200, 1600, 1480, 1350;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 7.78
(1H, d, J=3.8Hz), 7.69 (1H, d, J=1.8Hz), 6.64 (1H, dd,
J=1.8, 3.8Hz), 4.05 (3H, s);

Elementary Analysis:

C H N
Calculated: 56.00 4.03 18.66
Found: 55.82 4.04 18.40 (%)
(C7HeN203)

b) Methyl N-cyano-2 furancarboximidate (0.32 g,
2.09 mmol) was dissolved in methanol (3 ml), 2-nitrox-
yvethylamine nitrate (0.37 g, 2.19 mmol) and triethylam-
ine (0.22 g, 2.19 mmol) were added. The mixture was
stirred at room temperature for 16 hours. After the
reaction was completed, the reaction solution was con-
centrated under reduced pressure, and the residue thus
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obtained was subjected to chromatography on a silica
gel column (WAKO GEL C-200, 25 g) eluting with
dichloromethane. The eluted fractions were concen-
trated under reduced pressure and crystallized from
dichloromethane to give the title compound (0.20 g,
0.8% mmol, yield: 45%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-2-furancarboximidamide

MP: 77.0°-717.8° C;

IR spectrum: (cm~—!, KBr) 2180, 1630, 1600, 1570;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 8.04
(1H, d, J=3.7Hz), 7.57 (1H, d, J=1.2Hz), 6.79 (1H,
brs), 6.66 (1H, dd, J=1.2, 3.7Hz), 4.69 (2H, t, J =5.5Hz),
3.87 (2H, dd, J=5.5Hz, 10.4Hz);

Elementary Analysis:

C H N
Calculated: 42.86 3.60 24.99
Found: 42.92 3.48 24.72 (%)

(CgHgN4O4)

Example 2)-5

Preparation of .
N- cyano—N' (2-phenylethyl)-2-furancarboximidamide

Methyl N-cyano-2-furancarboximidate (0.30 g, 2.0
mmol) was dissolved in methanol (2 ml), and 2-phenyle-
thylamine (0.27 g, 2.2 mmol) was added. The mixture
was stirred at room temperature for 1 hour. After the
reaction was completed, the reaction solution was con-
centrated under reduced pressure, and the residue thus
obtained was crystallized from diethyl ether-hexane to
give the title compound (0.46 g, 1.93 mmol, yield: 97%)
as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-2-furancarboximidamide
MP: 88" C.;

IR Spectmrn (cm—1!, KBr) 2180, 1600 1570;

NMR spectrum: (500 MHz, CDC13) 8 (ppm) 8.00
(1H, d, J=3.7Hz), 7.48 (1H, d, J=1.2Hz), 7.4-7.2 (3H),
6.61 (1H, dd, J=1.2, 3.7THz), 6.43 (1H, brs), 3.75 (2H,
dd, J=7.3, 13.4Hz), 2.96 (2H, t, J=7.3Hz);

Elementary Analysis:
C H N
- Calculated: 70.28 5.4%8 17.56
Found: 70.12 5.54 17.41 (%)
(C14H13N30)

Example 2)-6

Preparation of
N-cyano-N'-(2-nitroxyethyl)-3-furancarboxtmidamide

a) 3-cyanofuran (3.76 g, 40.1 mmol) was dissolved in
methanol (30 ml), and sodium methoxide (0.1 g, 1.9
mmol) was added. The mixture was stirred at room
temperature for 18 hours. After the reaction was com-
pleted, acetic acid (0.14 g, 2.3 mmol) was added to
neutralize the reaction solution, and the solution was
concentrated under reduced pressure. Diethyl ether
was added to the concentrated residue, and insolubles
were removed by filtration. The filtrate was concen-
trated under reduced pressure to give the crude product
of methyl 3-furancarboximidate as a pale yellow oil.

Next, cyanamide (3.37 g, 80.2 mmol) and a phosphate

buffer (pH 5.4, 50 ml) of Na;HPO4 (5.69 g, 40.1 mmol)
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and NaH;P04.2H,0 (25.0 g, 160.2 mmol) were added
to the oil, and the mixture was stirred at room tempera-
ture for 18 hours. After the reaction was completed, the
reaction solution was extracted with chloroform (100
ml X 3), and the chloroform layer was dried over anhy-
drous sodium sulfate and then concentrated under re-
duced pressure. The residue thus obtained was sub-
jected to chromatography with chloroform. The eluted
fractions were concentrated under reduced pressure to
give methyl N cyano-3-furancarboximidate (1.09 g, 7.3

mmol, yield: 18%) as a colorless oil.

Physico-chemical properties of methyl N-cyano-3-
furancarboximidate

IR spectrum: (cm—!, neat) 2190, 1610, 1590;

NMR spectrum: (100 MHz, CDCI13) 6 (ppm) 8.59
(1H, t, J=1.1Hz), 7.57 (1H, t, J= 22Hz) 7.06 (1H, dd,
J=1.1, 2.2Hz), 4.00 (3H, s).

b) Methyl N-cyano-3-furancarboximidate (0.5 g, 3.3
mmol) was dissolved in methanol (10 ml), and 2 nitrox-
yethylamine nitrate (0.84 g, 5.0 mmol) and sodium
methoxide (0.27 g, 5.0 mmol) were added. The mixture
was stirred at room temperature for 26 hours. After the
reaction was completed, the reaction solution was con-

centrated under reduced pressure, and the residue thus
obtained was extracted with chloroform (60 mlX 3).

The chloroform layer was washed with water (100 ml),
dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The residual concentrate was
subjected to chromatography on a silica gel column
(WAKO GEL C 200, 20 g) eluting with chloroform-
methanol (100:1). The eluted fractions were concen-
trated under reduced pressure and crystallized from
methanol-diethyl ether to give the title compound (0.06
g, 0.27 mmol, yield: 8%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-3-furancarboximidamide

MP: 107.1°-107.9° C,;

IR spectrum: (cm—!, KBr) 2180, 1640, 1600, 1550;

NMR spectrum: (500 MHz, CDCI13) 6 (ppm) 8.44
(1H, s), 7.53 (1H, s), 6.83 (1H, s), 4.68 (2H, t, J=4.9H2z),
3.80 (2H, t, J=4.9H2z),

Elementary Analysis:
C H N
Calculated: 42.86 3.60 24.99
Found: 42.61 3.53 24.73 (%)
(CgHgN4O4)
Example 2)-7

Preparation of
N-cyano-N'-(2-phenylethyl)-3-furancarboximidamide

Methyl N-cyano-3-furancarboximidate (0.30 g, 2.0
mmol) was dissolved in methanol (10 ml), and 2-
phenylethylamine (0.27 g, 2.2 mmol) was added. The
mixture was stirred at room temperature for 2 hours.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from diethyl ether to
give the title compound (0.38 g, 1.59 mmol, yield: 79%)
as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-3-furancarboximidamide

MP: 132.5°-133.1° C,;

IR spectrum: (cm—!, KBr) 2170, 1610, 1560;
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NMR spectrum: (100 MHz, CDC13) & (ppm) 8.28
(1H,s), 7.45 (1H, t, J=1.9Hz), 7.4-7.1 (5H), 6.69 (1H, s),
6.54 (1H, brs), 3.68 (2H, q, J=6.6Hz), 2.95 (2H, t,
6.6Hz);

Elementary Analysis:
C H N
Calculated: 70.28 5.48 17.56
Found: 70.22 5.4] 17.37 (%)
(C14H13N30)

Example 2)-8

Preparation of
N-cyano-N'-(2-nitroxyethyl)-2-thiophenecarboximida-
mide

a) 2-cyanothiophene (5.46 g, 50 mmol) was dissolved
in methanol (25 ml), and sodium methoxide (0.27 g, 5
mmol) was added. The mixture was stirred at room
temperature for 18 hours. After the reaction was com-
pleted, acetic acid (0.33 g, 5.5 mmol) was added to
neutralize the reaction solution, and the solution was
concentrated under reduced pressure. Diethyl ether (40
ml) was added to the concentrated residue, and insolu-
bles were removed by f{iltration. The filtrate was con-
centrated under reduced pressure to give the crude
product of methyl 2-thiophenecarboximidate (6.35 g) as
a yellow oil.

Next, cyanamide (2.52 g, 60 mmol) and a phosphate
buffer (pH 6.0, 20 ml) of Na;HPO4 (4.26 g, 30 mmol)
and NaH;PO4.2H,0 (9.36 g, 60 mmol) were added to
the oil, and the mixture was stirred at room temperature
for 14 hours. After the reaction was completed, the
‘reaction solution was extracted with dichloromethane
(50 mlx4), and the dichloromethane layer was dried
over anhydrous sodium sulfate and then concentrated
under reduced pressure. The residue thus obtained was
crystallized from dichloromethane-hexane to give
methyl N-cyano-2-thiophenecarboximidate (4.48 g, 27.0
mmol, yield: 54%) as colorless crystals.

Physico-chemical properties of methyl N-cyano-2-
thiophenecarboximidate

MP: 66.9°-67.1° C,;

IR spectrum: (cm—1, KBr) 2200, 1580;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 8.64
(1H, d, J=4.8Hz), 7.77 (1H, d 7.27 (1H, t, J=4.8Hz),
- 4.10 (3H, s);

__Elementary Analysis:
C H N
Calculated: 50.59 3.64 16.86
Found: 50.46 3.52 16.61 (%)
(C7HgN208)

b) Methyl N-cyano-2-thiophenecarboximidate (0.32
g, 1.9 mmol) was dissolved in methanol (3 ml), and
2-nitroxyethylamine nitrate (0.34 g, 2.0 mmol) and tri-
ethylamine (0.20 g, 2.0 mmol) were added. The mixture
was stirred at room temperature for 17 hours. After the
reaction was completed, the reaction solution was con-
centrated under reduced pressure, and the residue thus
obtained was subjected to chromatography on a silica
gel column (WAKO GEL C-200, 25 g) eluting with
ethyl acetate. The eluted fractions were concentrated
under reduced pressure and crystallized from ethyl
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acetate-hexane to give the title compound (0.18 g, 0.77
mmol, yield: 40%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
nitroxyethyl)-2-thiophenecarboximidamide

MP: 101.5°-102.0° C,;

IR spectrum: (cm—!, KBr) 2180, 1630, 1570, 1280;

NMR spectrum: (500 MHz, CDCl3) & (ppm) 7.96
(1H, d, J=3.7Hz), 7.61 (1H, d, J=3.7THz), 7.19 (1H, t,
J=3.7Hz), 4.70 (2H, t, J=49Hz), 3.82 (2H, t,
J=4.9Hz);

Elementary Analysis:

C H N
Calculated: 40.00 3.36 23.32
Found: 39.88 3.42 23.22 (%)
(CgHgN4O35)
Example 2)-9
Preparation of N-cyano-N'-(2-phenylethyl)-2-thio-
phenecarboximidamide

Methyl N-cyano-2-thiophenecarboximidate (0.33 g,
2.0 mmol) was dissolved in methanol (2 ml), and 2-
phenylethylamine (0.27 g, 2.2 mmol) was added. The
mixture was stirred at room temperature for 1 hour.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from diethyl ether-
hexane to give the title compound (0.50 g, 1.97 mmol,
yield: 98%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-2-thiophenecarboximidamide

MP: 106.8°-107.5° C,;

IR spectrum: (cm—!, KBr) 2200, 1580;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 7.89
(1H, s), 7.51 (1H, d, J=4.9Hz), 7.4-7.2 (5H), 7.14 (1H, t,
J=4.9Hz), 5.98 (1H, brs), 3.76 (2H, dd, J=6.7, 12.8Hz),
2.97 (2H, t, J=6.7THz);

Elementary Analysis:
C H - N
Calculated: 65.85 5.13 16.46
Found: 65.67 5.11 16.36 (%)
(C14H13N38)

Example 2)-10

Preparation of N-cyano-N'-(2-phenylethyl)
3-thiophenecarboximidamide

a) 3-cyanothiophene (0.66 g, 6.0 mmol) was dissolved
in methanol (6 ml), and sodium methoxide (0.03 g, 0.6
mmol) was added. The mixture was stirred at room
temperature for 28 hours. After the reaction was com-
pleted, acetic acid (0.03 g, 0.6 mmol) was added to
neutralize the reaction solution, and the solution was
concentrated under reduced pressure. Diethyl ether (50
ml) was added to the concentrated residue, and insolu-
bles were removed by filtration. The filtrate was con-
centrated under reduced pressure to give the crude
product of methyl 3-thiophenecarboximidate. |

Next, cyanamide (0.5 g, 12 mmol) and a phosphate

- buffer (pH 6.0, 10 ml) of NayHPO4 (0.86 g, 6 mmol) and
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NaH,P04 2H,0 (1.89 g, 12 mmol) were added to the oil,

‘and the mixture was stirred at room temperature for 74

hours. After the reaction was completed, the reaction
solution was extracted with dichloromethane (10
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mlX4), and the dichloromethane layer was washed
with water (50 ml), dried over anhydrous sodium sul-
fate and then concentrated under reduced pressure. The
residue thus obtained was subjected to chromatography
on a silica gel column (WAKO GEL C-200, 30 g) elut-
ing with chloroform. The eluted fractions were concen-
trated under reduced pressure to give methyl N-cyano-
3-thiophenecarboximidate (0.70 g, 4.2 mmol, yield:
70%) as a colorless oil.

Physico-chemical properties of methyl N-cyano-3-
thiophenecarboximidate |

IR spectrum: (cm—!, neat) 2200, 1590, 1300;

NMR spectrum: (500 MHz, CDCI13) ¢ (ppm) 8.69
(1H, dd, J=2.0, 3.4Hz), 7.82 (1H, dd, J=2.0, 5.6Hz),
7.41 (1H, dd, J=3.4, 5.6Hz), 4.03 (3H, s).

b) Methyl N-cyano-3-thiophenecarboximidate (0.33
g, 2.0 mmol) was dissolved 1n methanol (2 ml), and
2-phenylethylamine (0.27 g, 2.2 mmol) was added. The
mixture was stirred at room temperature for 40 minutes.
After the reaction was completed, the reaction solution
was concentrated under reduced pressure, and the resi-
due thus obtained was crystallized from diethyl ether to
give the title compound (0.48 g, 1.89 mmol, yield: 95%)
as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-3-thiophenecarboximidamide

MP: 156.9°-157.7° C;

IR spectrum: (cm—!, KBr) 2170, 1550;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 7.96
(1H, s), 7.45-7.20 (7H), 6.20 (1H, brs), 3.73 (2H, dd,
J=6.7, 13.4Hz), 2.97 (2H, t, J=6.7THz);

Elementary Analysis:

C H N
Calculated: 65.85 5.13 16.46
Found: 65.77 5.01 16.29 (%)
(Ci14H13N38)

Example 2)-11

Preparation of
N-cyano-N'-(2-phenylethyl)-4-cyanobenzene-carbox-
imidamide

a) 1,4-dicyanobenzene (6.41 g, 50 mmol) was sus-
pended in methanol (100 ml), and sodium methoxide
(0.27 g, 5.0 mmol) was added. The mixture was stirred
at room temperature for 22 hours. After the reaction
was completed, acetic acid (0.31 g, 5.1 mmol) was
added to neutralize the reaction solution, and the solu-
tion was concentrated under reduced pressure. Dichlo-
romethane (50 ml) and diethyl ether (50 ml) were added
to the concentrated residue, and insolubles were re-
moved by filtration. The filtrate was concentrated
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under reduced pressure to give the crude product of 55

methyl 4-cyanobenzenecarboximidate (5.77 g) as color-
less powder.

Next, cyanamide (3.03 g, 72 mmol) and a phosphate
buffer (pH 6.0, 20 ml) of Na;HPO4 (5.11 g, 36 mmol)
and NaH>PO4.2H>0 (11.23 g, 72 mmol) were added to
the powder, and the mixture was stirred at room tem-
perature for 23 hours. After the reaction was com-
pleted, the reaction solution was concentrated under
reduced pressure. Chloroform (200 ml) and methanol
(200 ml) were added to the residue, and insolubles were
removed by filtration through celite. The filtrate was
concentrated. The concentrate was crystallized by add-
ing diethyl ether (100 ml). Deposited crystals were
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collected by filtration and washed with diethyl ether.
The filtrate and the wash liquid were collected together
and concentrated under reduced pressure to give
methyl N-cyano-4-cyanobenzenecarboximidate (3.63 g,
19.6 mmol, yield: 399%) as colorless powder.

Physico-chemical properties of methyl N-cyano-4-
cyanobenzenecarboximidate

MP: 94.5°-95.0° C.;

IR spectrum: (cm—1, KBr) 2200, 1600, 1350;

NMR spectrum: (500 MHz, CDCl3) 6 (ppm) 8.13
(2H, d, J=8.6Hz), 7.83 (2H, d, J=8.6Hz), 4.13 (3H, s);

Elementary Analysis:

C H N
Calculated: 64.86 3.81 22.69
Found: 64.81 3.77 22.41 (%)
(C10HIN30)

b) Methyl N-cyano-4-cyanobenzenecarboximidate
(0.37 g, 2.0 mmol) was suspended in methanol (4 ml),
and 2-phenylethylamine (0.25 g, 2.1 mmol) was added.
The mixture was stirred at room temperature for 1 hour.
After the reaction was completed, methanol (6 ml) and
diethyl ether (10 ml) were added to the reaction solu-
tion, and deposited crystals were collected by filtration
to give the title compound (0.51 g, 1.87 mmol, yield:
949%) as colorless crystals.

Physico-chemical properties of N-cyano-N'-(2-
phenylethyl)-4-cyanobenzenecarboximidamide

MP: 261.0°-261.8° C.; |

IR spectrum: (cm—!, KBr) 2170, 1550;

NMR spectrum: (500 MHz, CD3;0OD) 6 (ppm) 7.84
(2H, d, J=8.5Hz), 7.64 (2H, d, J=8.5Hz), 7.36-7.22
(5H), 3.73 2H, t, I=7.3Hz), 3.00 2H, t, I=7.3Hz);

__Elementary Analysis:

C H N
Calculated; 74.43 5.14 20.42
Found: 74.13 5.35 20.21 (%)
(C17H14Na)

Example 2)-12

Preparation of 3-cyano-2-methyl-(2-nitroxyethyl)iso-
thiourea

a) 2-Nitroxyethylamine nitrate (0.56 g, 3.3 mmol) was
dissolved in methanol (2 ml), and sodium methoxide
(0.18 g, 3.3 mmol) was added. Dimethyl-N-cyanodithi-
oiminocarbonate (0.44 g, 3.0 mmol) dissolved in metha-
nol (4 ml) was added further to the solution. The mix-
ture was stirred at room temperature for 24 hours. After
the reaction was completed, the reaction solution was
concentrated under reduced pressure, and the residue
obtained was crystallized from diethyl ether to give
colorless powder. The powder thus obtained was
washed with water and recrystallized from methanol to
give the title compound (0.26 g, 1.3 mmol, yield: 43%)
as colorless crystals.

Physico-chemical properties of 3-cyano-2-methyl-1-
(2-nitroxyethyl)isothiourea

MP: 135°-135.5° C;

IR spectrum: (cm—1, KBr) 2170, 1640, 1560, 1280:

NMR spectrum: (500 MHz, CD3;0OD) ¢ (ppm) 4.63
(2H, s), 3.74 (2H, s), 2.60 (3H, s);
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__Elementary Analysis:
C H N |
Calculated: 2941 3.95 27.44
Found: 29.33 3.77 27.15 (%)
(CsHgN4O3S)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph which illustrates the change in
blood pressure in a beagle upon the intravenous admin-
istration of the compound of the present invention rep-
resented by the formula (I) [compound (13)].

FIG. 2 is a graph which illustrates the inhibitory
effect of the compound of the present invention repre-
sented by the formula (I) {compound (13)] on the rhyth-
mic contraction of a coronary artery of a dog induced
by 3.4-DAP.

FIG. 3 is a graph which illustrates the effects of the
compound of the present invention represented by the
formula (I) {[compound (13)] and nicorandil on an an-
gina pectoris model induced by vasopressin.

F1G. 4 is a graph which illustrates the relaxation
effect of the compound of the present invention repre-
sented by the formula (I) [compound (13)] on the basilar
artery of a beagle.

FIG. 5 is a graph which illustrates the inhibitory
effect of the compound of the present invention repre-
sented by the formula (I) [compound (13)] on platelet
aggregation. |

FIG. 6 is a graph which illustrates the relaxation
effect of the compound of the present invention repre-
sented by the formula (I) [compound (13)] on the
smooth muscle of a trachea.

We claim:

1. An N-cyanopyridinecarboximidate compound as
an intermediate represented by the following formula

(1I):
N
C—0—R'

N

(ID)

X

wherein X represents a hydrogen atom or a chlorine
atom, and R’ represents an alkyl group with 1-5 carbon
atoms.

2. A carboximidamide derivative represented by the
following formula (A) or an acid adduct salt thereof:

CN (A)
/
N
|
B—C—N~R""
H
wherein when B 1s
/
o
X N

X represents a hydrogen atom or a chlorine atom, R"™
represents an alkyl group with 5-8 carbon atoms or an
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alkyl group with 2-3 carbon atoms having a nitroxy!
group, and when B 1s

sofada:
wAwaN]

or H3C=—S—, R’ represents

NC

provided that where B 1s

NC

R’ is not /\/ONOZ, where B is H3C—S8—,

S
R 15 not I

N

N
~
B 1s l , R 1s not
=
N

3. A pyridinecarboximidamide derivative represented
by the following formula (I) or an acid adduct salt
thereof:

and where

(I)

wherein X represents a hydrogen atom or a chlorine
atom, R represents an alkyl group with 5-8 carbon
atoms or an alkyl group with 2-3 carbon atoms having
a nitroxyl group.

4. A pyridinecarboximidamide derivative or an acid
adduct salt thereof according to claim 3, wherein X in
formula (I) is a hydrogen atom.

5. A pyridinecarboximidamide derivative or an acid
adduct salt thereof according to claim 3, wherein X in
formula (I) is a chlorine atom and R in formula (I) is an
alkyl group with 2-3 carbon atoms having a nitroxyl
group.

6. A pyridinecarboximidamide derivative or an acid
adduct salt thereof according to claim 4, wherein R in
formula (I) 1s selected from the group consisting of an
alkyl with 5 or 6 carbon atoms, nitroxylethyl and nitrox-

ypropyl.
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7. A pyrnidinecarboximidamide derivative or an acid
adduct salt thereof according to claim §, wherein R 1n
formula (I) is nitroxylethyl.

8. A pyridinecarboximidamide derivative or an acid
adduct salt thereof according to claim 3, which i1s se-
lected from the group consisting of the following com-
pounds:
N-cyano-N'-(2-nitroxyethyl)-2-pyridinecarboximida-

mide;
N-cyano-N'-(2,2-dimethylpropyl-2-pyridinecarbox-

imidamide;
N-cyano-N’'-(1,2,2-trimethylpropyl-2-pyridinecarbox-
imidamide;
N-cyano-N’-(2-nitroxyethyl)-3-pyridinecarboximida-
mide;
N-cyano-N'-(3-nitroxypropyl)-3-pyridinecarboximida-
mide;
N-cyano-N'-(3,3-dimethylbutyl)-3-pyridinecarbox-
imidamide;
N-cyano-N'-(2-nitroxyethyl-4-pyridinecarboximida-
mide;
N-cyano-N'-(3-nitroxypropyl)-4-pyrnidinecarboximida-
mide; and
N-cyano-N'-(2-nitroxyethyl)-3-(6-chloropyridine)car-
boximidamide.

9. A carboximidamide derivative represented by the

following formula (I') or an acid adduct salt thereof.

CN

/
N

|
X"—C—N—R"
H

(T CJCTCT

Oor

(I')

wherein X" represents

H3iC—8—, and R"” represents
NC

S
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-continued
/\_Q o /\/ONO‘?' provided
where X" is , R’ 15 not //\/ONOQ,
NC

where X" is H3C-—=8—, R" 1s not and

N
el
where X' 15 I ., R" 1s not
<,
N

10. A carboximidamide derivative according to claim
9, which 1s selected from the group consisting of the
following compounds:
N-cyano-N'-(2-nitroxyethyl)-3-quinolinecarboximida-

mide;
N-cyano-N'-(2-phenylethyl)-3-quinolinecarboximida-

mide;
N-cyano-N'-(2-nitroxyethyl)pyrazinecarboximidamide;
N-cyano-N'-(2-nitroxyethyl)-2-furancarboximidamide;
N-cyano-N'-(2-phenylethyl)-2-furancarboximidamide;
N-cyano-N'-(2-nitroxyethyl)-3-furancarboximidamide,
N-cyano-N'-(2-phenylethyl)-3-furancarboximidamide;
N-cyano-N'-(2-nitroxyethyl)-2-thiophenecarboximida-
mide;
N-cyano-N'-(2-phenylethyl)-2-thiophenecarboximida-
mide; |
N-cyano-N'-(2-phenylethyl)-2-thiophenecarboximida-
mide;
N-cyano-N’'-(2-phenylethyl)-4-cyanobenzenecarbox-
imidamide; and
3-Cyano-2-methyl-1-(2-nitroxyethylisothiourea.

11. An N-cyanopyridinecarboximidate compound
according to claim 1, wherein R’ 1n formula (II) is an
alkyl group with 1-3 carbon atoms.

12. An N-cyanopyridinecarboximidate compound
according to claim 1, which is selected from the group
consisting of the following compounds:

Methyl N-cyano-2-pyridinecarboximidate;

Isopropyl N-cyano-b 2-pyrnidinecarboximidate;
Isopropyl N-cyano-b 3-pyridinecarboximidate;
Isopropyl N-cyano-b 4-pyridinecarboximidate; and
Isopropyl N-cyano-b 3-(6-chloropyrnidine)carboximi-

date.
* % % x %
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